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TWO VIEWS OF THE BEAVERHEAD DAM AND POWER HOUSE OF THE BUTTE LIGHTING AND POWER COMPANY ON THE BIG HOLE RIVER, NEAR DIVIDE, MONTANA 


The Butte Lighting and Power Company. 


NE of the three electric power transmission plants 
which enter Butte, Montana, and the one which 
is the senior plant of the three, is that coming 

from the Bighole River, in Beaverhead County, Mon- 
tana, where 400c horsepower is developed by means of a 
dam and generating station located on the river at a point 
a little more than two miles westerly from Divide station 
on the Oregon Short Line Railroad running between 
Salt Lake City and Silver Bow Junction, some twenty- 
two miles from Butte. Parties who have the Dillon sheet 
of the maps of the United States Geographical Survey for 
Montana will readily find the location of the dam and 
power house of the Bighole plant, for it is immediately 
above the point where the road running to Dewey Flat 
and on up into Idaho first crosses the river. After fol- 
lowing down the river canyon for a mile or so, the pole 
line takes a course in an air line to the north, north east 
into Butte, some twenty miles distant. 

The hydraulic development of the Bighole plant con- 
sists in the construction of a dam sixty feet high to ob- 
tain head for the operation of turbine- wheels. The 
water supply for the reservoir thus obtained is supple- 
mented by water from two storage reservoirs located 
about twenty miles above the main reservoir at the plant, 
on the north and south forks of Wise River, a tributary 
of the Bighole River. ‘The reservoir on the north fork 
has an estimated capacity of one billion cubic feet while 
the south fork reservoir is estimated to contain about 
half this amount. The Bighole River flows into the Gal- 
latin River, which, with the Madison and Jefferson rivers 
form the source of the Missouri River. 


The combined capacity of the reservoirs is about one 
and one-half billion cubic feet and this amount of water 
utilized for power purposes under the sixty foot head ob- 
tainable at the power station, is stated* to be equivalent 
to 325 gross horsepower per day for one year. Having 
this amount of water in reserve, it will be readily under- 
stood that the normal stage of water in the power reser- 
voir can be maintained so that the established minimum 
flow shall not fall below the quantity estimated for power 
purposes. The average minimum flow of the Bighole 
River at the power station was found from measurements 
taken daily from August, 1897, to April, 1898, to be 
about 350 cubic feet per second. 

During this period, while anchor ice was obstructing 
the flow, it would sometimes run as low as 250 cubic feet 
per second. From intermittent measurements taken for 
several years previous, the minimum flow was assumed 
to be greater than that found during the time stated. 
The company based its investment upon the previous 
measurements and assumed an average minimum flow of 
not less than 400 cubic feet per second, and this amount 
of water utilized for power under a sixty-foot head is 
equivalent to 2720 horsepower. Assuming a 75 per cent. 
working efficiency for the turbines and a further loss of 
10 per cent. in the transmission of electricity to Butte, 
they could count upon a net minimum delivery of 1836 
horsepower in Butte. 

Upon the commercial value of this amount of power 
the investmert was based. To maintain this estimate of 
400 cubic feet per second was the reason for originating 


*Transactions of the Montana Society of Engineers, January 12, 1899 


mci ‘ale 


TF Ee PE DOT. GAS 
“ Bo : pretty x « 
ay 7 x - 
gr 


SUT ea: 


Tre “Ss oe 


a 
— eee : ie 








180 





A WINTER SCENE UNDER A TEMPORARY FLUME DURING THE BUILDING OF THE 
BIGHOLE PLANT 


the storage reservoir system mentioned, and which had 
not been contemplated in the original plan of power 
development. Upon the commercial value of this power 
delivered in Butte, it was estimated that the project would 
support a capital investment of $500,000. After con- 
sidering several plans for development, one for the con- 
struction of a solid masonry dam sixty feet high, another 
for building about two miles of large steel conduit in con- 
nection with a low dam for acquiring necessary head and 
volume of water, the rock-filled crib form of dam was 
adopted, the former plans proposed making the cost of 
development beyond the capital obtainable for the purpose. 

The power house is a granite and concrete structure, 
with steel truss roof. The building is 120x65 feet and 
is divided into two bays by an interior row of columns, 
which support two traveling cranes each of seven and 
one-half tons capacity. It was the intention to supple- 
ment water power with a steam plant, hence the arrange- 
ment of the power house was much wider than necessary 
for water wheels and generators alone. 

The turbines are made by the James Leffel Company of 
Springfield, Ohio. When running at 180 revolutions per 
minute with a head of sixty feet they are guaranteed to 
generate 1200 horsepower. Lombard governors are used 
for regulation and are guaranteed to regulate the power 
within 5 per cent. under any conditions. The water that 
will operate these governors is taken from the forebay 
and filtered before passing into the operating cylinders. 
The generators, of which four are installed, are of 
the three-phase type furnished by the General Electric 
Company. These are of 1000 horsepower capacity each, 
of the revolving field type. Current is generated at 800 
volts, but is raised to 23,000 volts by the transformers, of 
which there are twelve of 250 kilowatts capacity. The 
exciters, two in number, of 100 kilowatts, are sufficient 
to excite five generators. Each exciter is directly con- 
nected to a turbine running at 600 revolutions per minute. 

The pole line measures 20.6 miles in length, and poles 
thirty to sixty feet in height are used in order to main- 
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tain as nearly as possible uniformity of grade. Power 

is transmitted by six No. 1 B. & S. copper wires, 

with an estimated loss of 9 per cent. at maximum load. 

The poles are set about fifty to the mile and support 

three cross-arms, the upper ones ten and one-half feet 

and the lower ones three feet long. The top of the 
pole and the ends of the upper cross-arms support glass 
insulalors to which barbed wire is attached as a light- 

ning arrester. The barbed wire is grounded every 500 

feet. ‘The middle arm is for power wires, which are 

supported by porcelain insulators of the Redlands type. 

The lower arm is for telephone wires. ‘The foregoing 

is a general description of the plant without going into 

details. 

Nevertheless some of the details of the installation 
are of more than passing interest, for more extended 
reference to them illustrate not only the good engineer- 
ing practices which prevail in Montana, but also call 
attention to some of the difficulties involved in con- 
struction as well as the methods adopted for overcom- 

ing them. The power house, for instance. is built of 
masonry, the laying or which was during a winter period 
when scarcely one week of passable weather was had until 
the season closed for work of this character; but although 
the temperature was constantly below the freezing point, 
and often below zero, the work of construction was con- 
tinued practically without intermission until it was 
finished. 

Then a change of engineering plans necessitated many 
alterations, as a result of which the finished power house 
and dam as they stand today are vastly different from 
the plan of installation originally adopted and largely 
completed. The site of the dam is in a rock-wall canyon 
well formed to sustain a timber crib dam, and the foun- 
dations of the original structure was composed of boul- 
ders and fine and coarse gravel embedded in stiff yellow 
clay, above which was an underlying strata of loose gravel, 
sand and boulders. The dam lies between two parallel 
ledges of rock, one being of granite and the other of 
quartzite, and these ledges run at an angle of about forty- 
five degrees with the course of the stream. ‘The bottom of 
the gorge through these ledges is of unknown depth, 
but the northerly end rests in a V-shaped formation in 
the granite ledge that stands at an angle of about ten 
degrees from the perpendicular. This forms an excellent 
anchorage, and the southerly end of the dam is similarly 
anchored in the ragged sides of the quartzite ledge. 
Owing to the great depth of the gorge, the cost of secur- 
ing a bed-rock foundation for the dam placed the enter- 
prise beyond the possibility -of financial success. 

The original dam was constructed of ten by twelve 
inch pine and fir timber laid in cribs with eight feet 
between centers, the crib work being filled with broken 
granite and fine material obtained by stripping and 
quarrying the granite. Openings between the timbers 
were packed by hand with broken granite of irregular 
surfaces, while the interior of the cribs were filled in 
loosely with broken granite and fine material, as stated, 
dumped in from cars. ‘The dam had a length of 500 feet 
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with a height of sixty feet from low water mark to the 
crest of the spillway, the width of which was 200 feet. 
The rest of the dam was ten feet higher than the spillway, 
and the latter consisted of a series of steps each ten feet 
high, the tread or apron of each step being seven feet 
wide and consisting of two layers of timber each ten 
inches thick. The face of the dam consisted of three 
layers of planking spiked to the crib work so as to break 
joints, and the crest of the spillway was composed of two 
layers of ten-inch lumber with seams calked with oakum. 
all timbers being drift-bolted. The depth of the founda- 
tions of the dam varied from twelve feet to twenty-five 
feet below the original surface of the dam, this depth 
being filled in with a strong concrete core composed of 
one part Utah Portland cement, two parts of clean sharp 
sand and five parts of broken stone. This core was three 
feet nine inches in thickness and extended from the 
foundations to about six feet above the original surface of 
the ground. It followed down the face planking and 
was confined at the back by layers of two-inch plank 
spiked to the crib work. Concrete was also used in front 
of the face planking for about ten feet above the founda- 
tion, and the remainder of the excavation for the founda- 
tion was also filled with concrete across the river bottom 
extending from the north end of the dam for about 300 
feet. The remainder of the excavation was filled in with 
a semi-clay puddle, rammed in layers to the height of the 
original surface of the ground. The face of the planking 
was relied upon to prevent leakage while the purpose of 
the granite filling was to give weight only. 

High water in the Bighole River usually occurs in 
June, but on April 10, 1898, the 
water in the river gave evidence 
of early rise before the building 
of the dam was fully completed. 
Work on the up-stream face of 
the dam was pushed as rapidly 
as possible, as well as all work 
which it was absolutely necessary 
to have done in advance of the 
high water, and everything that 
it was possible to do to protect 
the structure from the coming 
flood was done; but on April 
18th it reached its maximum 
flow, and notwithstanding the 
fact that the waste gates were 
all wide open, in forty-eight hours 
it reached a depth of seven feet 
above the spillway crest. The 
estimated flow of the river at this 
time was 3500 cubic feet per 
second, or about ten times its 
known normal flow previous to 
that date. After the waters had 
subsided the results of the strain 
that had been thrust upon the 
uncompleted structure became 
known, for while the face of the 
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dam had been built upon a straight line, it was found 
that the force of the water had caused the center of the 
dam to drop some fourteen feet down stream, making its 
entire reconstruction necessary. This accident proved to 
be most serious to the enterprise of the Montana Power 
Company, for it threw the company into the hands of a 
receiver, which finally resulted in its eventual reorganiza- 
tion and sale, first to the Montana Power Transmission 
Comyany and then to the Butte Lighting and Power Com- 
pany, which rebuilt the dam and completed the power 
house and transmission system in a manner which has 
made the property of the greatest possible value despite 
the handicap of its early misfortune. 

One of the innovations to be seen at the Bighole dam 
isthe drain tunnel which has been constructed for the 
purpose of carrying the entire flow of the river at seasons 
of comparatively low water. It is 240 feet in length and 
connects the gate well with the open channel of the river 
below the dam, Its cross section is thirty-five square feet 
at the waist with an average of fifty square feet through- 
out its length. With water at the normal working level 
in the reservoir and all gates open the tunnel will dis- 
charge about 900 cubic feet of water per second, while 
with heads of from four to nine feet it will discharge from 
400 to 700 cubic feet per second respectively. The tun- 


nel and gate have not been designed, as may be supposed, 
for the purpose of relieving the burden upon the dam in 
any way, for even should it discharge water at the rate 
of 1000 feet per second, the amount though large would 
be inconsiderable when compared with the maximum 
With a head of nine feet the forebay 


flow of the river. 





WHERE THE TRANSMISSION LINE CROSSES THE CONTINENTAL DIVIDE 
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and gates and all movable parts of the dam become ex- 
posed, while with a head of but four feet the flat in front 
of the forebay and the foundations for any desired exten- 
sions of the penstocks will be above water.. The course 
of the tunnel is through very hard, close grained and 
practically seamless granite, while its entire course lies 
through what would invariably be classified as solid rock. 

Reverting to the storage capacity of the hydraulic de- 
velopment of the Bighole plant, the dam makes a reser- 
voir which constitutes an unbroken sheet of water run- 
ning for more than three miles up the river canyon and 
having a width of almost 500 feet throughout, while the 
storage reservoir on the north fork of the Wise River has 
a capacity at the forty-foot contour of about 450,000,000 
cubic feet of water. This reservoir is situated about 
twenty miles above the Beaverhead power station, as 
the Bighole plant is locally known, and the dam confin- 
ing it consists of an earth and rock fill having a slope on 
the lower face of 3 to 1, sheeted upon the upper face with 
two courses of two-inch plank on a slope of 1 to 1 with 
a length of about 300 feet, the extreme height being 
forty-three feet. 

Water is taken to the power house from the dam 
through two seven-foot penstocks, each of which is pro- 
vided with a four-foot stand-pipe for the purpose of aiding 
regulation. The exciters, which are two in number, are 
of General Electric build, and are of the ‘‘MP’’ type, 
with six poles, and rated to deliver 800 amperes at 125 
volts. They are, therefore, 100 kilowatt machines, and 
each is driven at 600 revolutions per minute by means of 
an individual turbine, also of the Leffel type. From the 
shaft of one of these exciter turbines there is belted a 
triplex pump which furnishes water through a cushion 
chamber for the operation of the Lombard governor, for 
it is the experience of the engineer in charge of the sys- 
tem that the pump head, in conjunction with the static 
head from the penstock, makes the governor act with 
greater quickness. A further innovation consists in the 
placing of three-way valves on a panel on the switchboard 
and connecting them so as to act on the governor stem 
through the medium of the piston of a small water-actu- 
ated cylinder. This arrangement enables the instan- 
taneous closing down of either water wheel and generator 
unit by a simple movement of the hand of the switch- 
board attendant, there being provided, of course, a separ- 
ate valve for each wheel. The generators are of the 
‘‘A. P. B. type, class 40,’’ of the General Electric Com- 
pany. They run at 180 revolutions per minute and deliver 
750 kilowatts at a full load potential of 800 volts. All 
transformers on the system are of the General Electric air- 
blast type, air for their cooling being supplied by blowers 
each belt driven by a three horsepower induction motor. 
The transformers at the power house deliver 25,000 volts 
to the line, which is of the three-phase, three-wire, star- 
connected variety, in two circuits. 

The transmission line between the Beaverhead station 
and the Butte substation is one of the finest pieces of con- 
structive engineering to be found in the country—it can- 
not be said to lie on the Pacific Coast, for the line begins 
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on the Atlantic, or rather the gulf slope, of the Rocky 
Mountains, and ends on the Pacific Slope, crossing the 
Continental Divide at an altitude of practically 6000 feet 
above sea level. The accompanying half-tone reproduces 
a photograph of the line where it crosses this ‘‘ backbone 
of the continent.’’ In addition it shows the general 
features of the line, including its remarkably easy gradient 
and its novel method of transposition, which latter, how- 
ever, cannot be understood from the illustration without 
explicit description. The normal description of the pole 
line, so to speak, is shown in the two poles appearing 
foremost, that is, in the foreground, of the illustration. 
Next follow successively the six poles used in making a 
transposition, the power lines being transposed every 
mile. When making straight runs, the power circuits 
are supported on a single cross-arm—the second one from 
the top—the upper arm carrying three frequently grounded 
barbed wires for lightning protection. The transposition 
poles, however, carry three cross-arms, in addition to the 
shoraer telephone arm, for, as stated, it requires six three- 
arm poles to effect the transposition. 

How the transposition is made will be understood if 
the six power wires be numbered consecutively from left 
to right as they are run on the cross-arm, hence those on 
the first and second poles appearing in the engraving will 
be numbered uniformly 1, 2, 3, 4, 5 and 6. But when the 
first transposition pole is reached, wire No. 1 is dropped to 
the third arm, and each of the remaining five wires is 
‘‘moved over a peg’ so that No. 2 wire occupies No. 1 
pin; No. 3 wire occupies No. 2 pin and so on. When 
the third transposition pole has been reached, No. 2 wire 
drops to the third arm and No. 1 wire is taken back to 
its proper arm where it occupies pin No. 3, and so on 
until each of the power wires has turned its somersault, 
so to speak, and both power circuits have been given 
complete spiralling. The details of this novel trans- 
position method may perhaps be better understood if the 
line numbers are arranged graphically. 

Normal line relations: 1, 2, 3, 4, 5,6 

First transposition pole: 2, 3, 4, 5, 6, with line No. 1 on lower arm 
Second a” Re i MM BPR OR AS gy AS 

Third . 8. 6,'2,.2;---** oe 
Fourth om fas; * ao 
Fifth zn 6,1,2,3,4, “ 5 
Sixth ° 1,2,34,5, “ 6 
Normal line relations: I, 2, 3, 4, 5, 6 


“ 


The Bighole-Butte transmission line is the one to which 
editorial mention has been made on another page in this 
issue as typifying the excellent results that are certain to 
follow from the use of substantial, well set poles that are 
of such lengths as will enable the line to be run on easy 
grades without vertical or lateral strains, It may easily 
be imagined that the climatic conditions to which this 
line is exposed are of exceeding severity, for every 
category of weather known can be experienced in these 
Rocky Mountain: heights during a single season, yet 
though this line has been in service for more than four 
years, it has never failed for a single moment, and so 
remarkably free is it from troubles of any kind that it is 
patrolled but three times a year, the last patrol for the 
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winter having been made in October last.* The line runs 
in a straight route from a point an the Bighole River, 
about a mile below the power house, into Butte, its length 
being 20.6 miles. 

Before entering into a detailed description of the Butte 
substation for the transmission from the Bighole River, it 
is well to state that at present three transmission lines are 
entering Butte, as indicated heretofore, these transmis- 
sions being that of the Missouri River Power Company 
from Canyon Ferry,+ that of the Madison River Power 
Company from Madison River,} and that of the Butte 
Lighting and Power Comyany from Bighole River. All 


power from the Madison River transmission is consumed 


by the Butte Lighting and Power Company, in con- 
sequence of which the Madison River transmission is run 
in parallel with that from the Beaverhead plant on the 
Bighole River, and together they operate the lighting and 
power circuits of the Butte Lighting and Power Company. 
The Missouri River Power Company is, however, operat- 
ing on independent lines in catering to the power-con- 
suming industries of Butte, where it is operating several 
thousand horsepower in motors that perform various 
classes of mining service, its most noteworthy installation 
being an 800 horsepower General Electric induction 
motor used in driving an air compressor for the Never- 
sweat Mine. 

The present consumers of power from Canyon Ferry 
are the Helena Light and Traction Company, the Helena 
and Livingston Smelting and Reduction Company, the 
American Smelting and Refining Company and the Big 
Indian Mining Company, at Helena; and at Butte, the 
Anaconda Mining Company, the Colorado Smelting and 
Mining Company, the Butte and Boston Company, the 
Boston and Montana Company and the Washoe Copper 
Company, while lately a little power has also been fur- 
nished to the Montana Ore Purchasing Company and the 
Colusa-Parrot Company. The load has been increased 
until the company has nearly reached the point where it 
will be unable to furnish a greater amount of power than 
at present. The company’s officials are already consider- 
ing the matter of constructing another dam within a few 
years. A site for this has already been selected. 

The contract existing between the Madison River 
Power Company and the Butte Lighting and Power Com- 
pany is such that the latter, in purchasing power from 
the former, does so under conditions imposing a 100 per 
cent. load factor. Asa result, the Madison River trans- 
mission is under practically full load at all times, while 
the Bighole transmission floats on the load in parallel 
with the Madison River lines exactly as has become a 
common practice in the use of storage batteries in central 
station working. This is a most excellent arrangement, 


*As there are exceptions to all rules, so it must be stated with reference to 
the Bighole-Butte transmission line that two or three months after the plant 
was put in service some highwayman became so covetous of the copper in the 
line that one night he cut down three spans of it, rolled it up, carted it away 
and has never been seen nor heard of since. This was done while the line was 
alive and the indications were that the man climbed the poles and cut the lines 
with a hand ax. 
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for both the water supply and the water storage of the 
Bighole plant are such as to lend themselves admirably 
to the plan of operating the Beaverhead station as an 
auxiliary to the Madison River transmission, and thus it 
is that.the Beverhead plant carries the peak of the load 
and is always ready for any emergency that may arise, 
particularly as its generating capacity, coupled with that 
of the auxiliary steam substation in Butte, is more than 
ample to meet any demand without assistance from the 
Madison River lines. Furthermore, there is necessity 
for conserving the water of the Bighole River, which 
makes the arrangement doubly advantageous. 

There is probably no city in the country which makes 
more exacting demands for continuity of service than 
does the great mining camp of Butte. To relate the 
magnitude and intricacies of the workings of its en- 
ormous copper properties would require a volume with- 
out going below the surface, yet it may be stated that 
during the year 1902, the Amalgamated Copper Com- 
pany alone mined in Butte and sent to its smelters an 
average of 9,200 tons of copper ore per day, while the 
output of the independent mines averaged 1,200 tons, 
making the total average daily output of the mines of 
Butte to be in excess of 10,000 tons of ore. In view of 
this any interruption to the power service becomes a 
matter of serious consequences, hence every possible 
effort must be made to provide against breakdowns, and 
especially breakdowns that might result in letting the 
fires go down in the smelters. To circumvent the 
possibility of such occurrances on its circuits, the Butte 
Lighting and Power Company has installed a steam 
plant in its substation which, in point of design and 
thoroughness of installation, must take rank as being 
one of the best steam auxiliary substations to be found 
in any transmission system in the country. 

The Butte Lighting and Power Company has, there- 
fore, three sources of power supply, namely, the Beaver- 
head or Bighole-Butte transmission, the Madison River 
transmission and its steam station in Butte, which alone 
has a rated capacity of practically 2000 kilowatts. Alto- 
gether the total rated capacity of the plants serving 
power to the Butte company is 7000 kilowatts. 

The steam auxiliary plant and the substation of the 
Bighole-Butte transmission are located in the station 
building formerly occupied by the main station of the 
Butte General Electric Company. It is a fireproof brick 
building practically 180x80 feet in size and adjoin- 
ing which across a narrow alley is the boiler house of 
equal length and having a width of forty-five feet. The 
arrangement of both the transmission substation and the 
auxiliary steam station within the main building is 
shown in detail in the ground plan drawing facing 
page 182, from which it will be seen that the substation 
contains two 750-kilowatt, three-phase, revolving field 
generators which are connterparts of those in the Beaver- 
head power station, and one 200-kilowatt and three 150- 
kilowatt, revolving field, 2200-volt, three-phase, belt-driven 
generators, besides fifteen reducing transformers each of 
a capacity of 225 kilowatts, two 300-kilowatt rotary con- 
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verters, two fifty-light and one 1oo-light constant current 
transformers for arc lighting service and four motor-gen- 
erator sets with Brush arc machines, three of which are 
125-lighters and the remaining one is a_ 150-lighter. 
As to engines, the station contains one 800-horsepower 
tandem compound horizontal McIntosh & Seymour en- 
gine for driving one of the 750-kilowatt units by direct 
connection; one 600-horsepower horizontal Frazer & 
Chalmers’ twin tandem compound engine for driving by 
rope transmission the other 750-kilowatt unit, and one 
250-horsepower McIntosh & Seymour and three 150- 
horsepower Ball tandem compound high speed engines 
for driving through belt connection the respective 
smaller units which, it will be remembered, are four in 
number. The station is lighted by alternating current 
arcs, and it is worthy of note that when the big gener- 
erators are started up at night they are synchronized by 
means of the optical effects of the arc light upon the 
spokes of the fly wheels of the revolving fields. 

But to revert to the substation proper of the transmis- 
sion from the Beaverhead plant, the lines enter through 
the easterly end of the building, and after passing through 
the choke coils and lightning arresters ‘they are taken 
through ordinary General Electric high tension equip- 
ment of the type in vogue by the company for 25,000-volt 
work four years ago to the lowering transformers, which, 
as stated, are fifteen in number, and are of the familiar 
air-blast type of the company named. These trans- 
formers, with their blowers, are the property of the Mon- 
tana Power Transmission Company, a separate corporation 
that is closely affiliated with the Butte Lighting and Power 
Company, and they each havea capacity of 225 kilowatts, 
with primaries of either 13,250 or 23,000 volts according 
to whether connections are made delta or star. As to 
the secondaries, those of twelve of them are wound for 
2200 volts, which is the potential common to all alter- 
nating current distributions of the company, while the 
remaining three transformers deliver three-phase current 
at 365 volts for the operation of the rotary converters, of 
which there are two, of a rated capacity of 300 kilowatts 
each at a maximum of 600 volts on the direct current side. 
The fourteen-panel switchboard directly in front of the 
transformers is also the property of the Montana Power 
Transmission Company, and it is of a composite character, 
in that from it is controlled both the power received from 
the Bighole and Madison River transmission lines, as 
well as that generated by the steam auxiliary plant also 
within the station. As has been stated heretofore,* the 
Madison River power is received in a separate 80,000- 
volt station located on Montana Street directly opposite 
the present station, the power being transformed down to 
2200 volts so as to work in parallel with the Bighole and 
steam plants. In addition the fourteen-panel switchboard 
also controls the two rotaries and the 500-volt direct cur- 
rent power service, but all other characters of service are 
rendered through the main distributing switchboard, 
which runs along the Montana Street end of the building. 
The electric lighting service for the entire city is rendered 
through this switchboard, which is without doubt one of 
Me *THE JOURNAL, Volume XIII, page 164, March, 1903. 
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the finest specimens of switchboard design and installa- 
tion existing in the West. It is the result of a hard and 
trying experience lasting through twelve years, and 
wherein the lesson was well learned that it is impossible 
to spend too much time and study in the design and 
building of the most vulnerable part of an electric light- 
ing and power syetem. It is indeed a model of electrical 
engineering excellence, for it baffles any endeavor to dis- 
cover any shortcoming within it. Its distinguishing 
features rest in the fact that it is absolutely fire-proof 
throughout and that its busbars and their principal con- 
nections are run in a roomy fire-proof subway immedi- 
ately beneath the rear portion of the board. 

Thearc lighting of Butte is rendered by the Brush 9.6- 
ampere open arc direct current system, and by the Gen- 
eral Electric alternating current series arc system, the 
capacities of these systems being respectively 525 and 200 
lamps. ‘The Brush are machines are of the multi-circuit 
type, and they are driven by direct connection from 
individual induction motors which, obviously, are oper- 
ated direct from the three-phase, 2200-volt, secondaries 
of the reducing transformers. A feature of the rotary 
converters which is not altogether familiar in Western 
practice is the use of reactance coils in the alternating 
current leads to the machines. These reactance coils are 
placed behind the rotary panels of the fourteen panel 
switchboard, and they reduce the potential applied to the 
machines by from twenty to thirty volts according to the 
load, their purpose being to facilitate over-compounding 
in the rotaries to a greater degree than would otherwise 
be possible. The coils themselves resemble three-phase 
transformers in outward appearance, the difference being 
that instead of being wound with primaries and second- 
aries, they consist of three separate single windings, each 
of which is inserted in series in its respective lead to the 
rotary. 

All generators in the station are of the revolving field 
type, and the arrangement of them, with their respective 
engines, is so clearly shown on the plan that detailed 
descriptions seem to be unnecessary. The floor of the 
entire station is of concrete, and all steam piping is car- 
ried in open conduits thereunder. The water in the 
boilers is kept warm at all times, which enables the plant 
to be put in service at any time upon short notice, and 
although it has been used but comparatively little thus 
far—this little being only during periods of heavy over- 
loads—it is probable that it will soon enter upon a long 
period of regular duty, for the reason that the company 
has entered into a contract for furnishing power for the 
operation of the street railway system of the city, the 
generators for which are now being installed. The steam 
plant is run condensing, siphon condensers being used, 
and the water for their operation being taken from wells 
on the premises. 

In conclusion, it should be stated that the important 
commercial development of the Butte Lighting and Power 
Company has been due to the energy of H. W. Turner, 
its general manager, while its engineering features par- 
tially reflect the ability of Max Hebgen, its chief mechan- 
ical and electrical engineer. 
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HIGH PRESSURE GAS DISTRIBUTION.* 
BY GEORGE F, GOODNOW. 


HE most troublesome feature encountered in the high pres- 
sure distribution of gas in the high pressure gas plant at 
Waukegan, IIll., during the past year, and it may be said 

the only troublesome feature, was electrolysis of the main line 
and service pipes in certain districts in the vicinity of two power 
stations of an electric railroad. Pipe which had been in the 
ground less than two years was perforated by this action and per- 
mitted the escape of gas, though not in very large quantities. At 
one place the main was uncovered for 300 feet, and it was decided 
best, after inspection, to cut out this section and replace it with 
new pipe, which was done. Acting under the advice of J. M. 
Humiston, of Chicago, this section was boxed and the boxing 
filled with tar concrete. After making an electrical survey of the 
whole line, Mr. Humiston also advised placing insulated joints, 
consisting of a piece of enameled pipe ten feet long, inserted in 
the main and connected with Dresser couplings. He also advised 
placing a number of these insulators at intervals along the line, 
these intervals being according to the strength of the current 
manifested in the electrical survey in the districts of danger. 
Quite a number of these insulators were put in without interrup- 
tion to the service by closing two valves at either end of a section 
of main. This operation could be done in two hours or less, and 
the elasticity of the gas in the district cut off from the compress- 
ing station would easily supply the gas needed during that time. 
This operation was repeated a number of times, and quite a num- 
ber of insulators were thus inserted, but it is expected more will 
be put in next year to more completely protect this line. The 
efficiency of this mode of protection is demonstrated by another 
survey after the insulating joints had been put in, and when it is 
said that before this treatment thé amount of current passing from 
the pipe to the ground was, at a given point, fourteen volts posi- 
tive to track, and twenty-seven amperes drained from pipe into 
track, after this treatment the amount of current carried on the 
pipe was, at this point, two voits positive to track, and two 
amperes drained from track to pipe, some idea of the efficiency of 
this treatment can be secured. 

This method of protection has been confirmed by other elec- 
trical engineers in whom the writer has great confidence. This 
method could also be applied to any. system of underground pip- 
ing in the vicinity of electric lines for the use of gas at high or 
low pressure, or for other purposes. If this fact had been so well 
known at the time this line was constructed, these measures of 
protection might have been introduced at that time at much less 
expense than when they were put in, and much damage and 
annoyance would have been saved. The writer is confident that 
protection can be secured in this way that will prevent serious ac- 
tion by electrolysis if due attention is paid to this danger when 
the line is being put in, and the expense of so doing is not great. 
Bonding the pipe to the rails for establishing a return current can- 
not be recommended, because the action would be distributed 
over the whole pipe system, and while corrosion would not per- 
haps be so rapid in that case, the trouble would only be deferred 
and probably be more widespread. 

Trouble with condensed water freezing in the main was men- 
tioned last year, but this trouble has not been experienced so far 
this winter, and the means taken to prevent this are very simple 
and apparently have been efficient. To repeat the conditions 
under which this trouble occurred, about 1,000 feet from the com- 
pressors the four-inch main passes over a stone culvert with less 


than two feet of cover, consequently this main lies in frozen- 


ground for some distance, and last winter at this point stoppage 
occurred by freezing. Immediately after the compressors a pulsa- 
tion tank collects a considerable portion of the condensed water. 
A drip was devised and placed about 400 feet from the com- 
pressors in the line. This drip was of the shape of a small, hori- 
zontal boiler, thirty inches in diameter and eight feet long, with 


*Abstract of a paper read at the Second Annual Meeting of the Wisconsin 
Gas Association, Kenosha, Wis., February 11 and 12, 1903. 
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a pipe entering and leaving each head near the circumference on 
the upper side, thus giving the condensed water a chance to drop 
about twenty-four inches to the bottom of the tank, and baffle 
plates were inserted in this tank at right angles to the flow of the 
gas, causing the current of gas to zigzag around the baffle plates 
and water be deposited in the bottom of the tank. This brings 
the bottom of the tank about six feet below the top of ground, 
which effectually prevents freezing. A blow-off was placed in the 
bottom and was brought to the surface, where a turn of a buried 
stopcock allows the condensed water to blow through in a few 
moments. As only a small amount of water has been found be- 
yond this drip, it appears that the action is efficient and that no 
stoppage from frost has occurred beyond this point is certain. 

These are difficulties which we consider have been successfully 
overcome, and it can hardly be said that other difficulties have 
been ‘encountered. All the troubles which were naturally pro- 
phesied by onrselves and others, such as decreased candle power, 
intermittent service, large leakage, unreliable regulators, defec- 
tive compressors, blowing seals, burst meters, deficient capacity 
of the small pipes, have not been encountered, and the troubles 
incident to operation compared with ordinary low pressure dis- 
tribution are much less. 

The writer last year advanced the tentative opinion that a com- 
plete high pressure system, with individual regulators before each 
meter or group of meters, was preferable to large district regula- 
tors controlling a considerable territory of low pressure main with 
ordinary services and other fittings, and this opinion has been 
amply confirmed by the past year’s operations. 

Very little low pressure main has been laid. Extensions have 
been laid almost entirely from the high pressure pipes; even some 
territory in Waukegan adjoining the older low pressure districts 
has been piped with small high pressure mains, the construction 
and operation of these being entirely satisfactory. There are 
about 175 lamp posts located on this line, and the pressure at the 
burners is controlled in three different ways. Part of them are 
located on low pressure main which is controlled by district regu- 
lators, which, of course, makes connection and operation very 
much like an ordinary street lamp with mantle burner, with this 
important exception, that none of these services have ever been 
frozen, which satisfactory state of affairs is accounted for by the 
drying of the gas by compression and the elimination of the water 
by the methods mentioned heretofore. About twenty-five or 
thirty more of these street lamps are controlled by small indi- 
vidual regulators, placed either at the bottom or at the top of the 
posts. These small regulators are very similar to the house regu- 
lators, only much smaller, with a three-eighths-inch inlet and out- 
let, and the controlling diaphragm only about three inches in di- 
ameter. This method of regulation is more liable to get out of 
order because of the exposure of the regulators to the weather, 
and a very minute amount of water condensation in the regulat- 
ing valve occasionally, though not very often, freezes, and the 
diaphragm may also become ruptured or injured from exposure. 

The third method is being used upon about sixty posts main- 
tained in Lake Forest by the Welsbach Street Lighting Company. 
We had made some experiments and devised a cock with a small 
orifice, to be used directly under the mantle burner without a 
That company, making use of the experiments we 
had made, manufactured a cock in connection with a street light- 
ing mantle burner, which has been in successful operation for 
over sixty days, using three feet of gas per hour at twenty pounds 
pressure, and these street lamps certainly give a brilliant light. 
A variation of five pounds does not noticeably affect the light, and 
the community in which these are used is well pleased with this 
illumination of its streets. After six or seven cold nights, in 
which these lamps had not been used on account of moonlight, 
six of the sixty were found frozen in this capillary orifice, but 
were thawed out with little trouble. 
vices, not exceeding a dozen in two years, have occurred on the 
entire pipe line, which now feeds from 700 to 800 meters. 

These facts, and the observations regarding condensed moisture, 
lead to the belief that it is not necessary to lay pipe very deeply 


governor. 


A few cases of frozen ser- 
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in the ground, except for protection from mechanical injury. A 
few cases have occured of broken service pipes injured by plows 
or graders in lowering the level of streets and gutters, but no 
great difficulty was experienced in repairing these breaks. 

Roughly speaking, a one and one-fourth-inch pipe will carry as 
much gas under these conditions as a four-inch pipe under low 
pressure, and a two-inch as much as a six-inch. All these condi- 
tions make it evident that the cost of construction for equal ser- 
vice is very much less; how much less could only be calculated 
from local conditions. Whether it would be advisable to use 
high pressure mains in large cities where the population is dense 
has never been demonstrated in the distribution of artificial gas, 
but very considerable towns and cities have had natural gas for 
years contained in pipes under the streets at higher pressure than 
these. That it can be used in towns and cities of moderate size 
admits of small doubt in the mind of the writer, and no doubt, 
when applied to the service of suburban localities and sparsely 
populated districts, of which every town and city has its share, in- 
deed it is the only method to profitably supply such districts with 
gas from a central plant. This pipe line has satisfactorily demon- 
strated during the past three months that it can easily supply 100,- 
ooo cubic feet per day and 10,000 feet as the maximum hourly out- 
put. This amount was very easily transported, and that it would 
handle 50 per cent. more than this under a maximum pressure of 
thirty pounds admits of no doubt. That 600,000 feet have been 
sent through a six-inch line three miles long at another plant 
without coming anywhere near its capacity is known by the 
writer. These few examples of the capacity of these high pres- 
sure lines in the sizes mentioned enable one to form some idea of 
the amount of gas that can be handled under such conditions, to 
say nothing of raising this pressure ten or twenty pounds more, 
which the writer believes can be done without injury in any par- 
ticular. 

The average capacity of each stroke of each compressor has 
been carefully measured by pumping a considerable amount of 
gas from the small holder, and the number of strokes recorded 
each day by an automatic counter, kept in a similar way, to a 
station meter record, give us a fairly accurate idea of the leakage 
of this entire pipe line. This amount is arrived at by subtracting 
the sum of the consumers’ meters from the amount registered by 
the counter in the familiar way like a station meter, and the 
amount lost during the last few months has averaged about 3 per 
cent. 

The amount sold upon this line during the last few months has 
been about 2,500,000 per month. The average meter consump- 
tion in one district, which now contains nearly 400 meters, has 
been 35,000 cubic feet per meter for the year. The number of 
miles of pipe of different sizes, comprising four, two and one and 
one-fourth-inch now in use, is about twenty-eight miles. 

The pressure after the individual regulators, as well as that 
after the district regulators, varies so little during the twenty-four 
hours that the operation of stoves, Welsbach lights, etc., is very 
satisfactory, and is rarely subject to complaints, unlike those re- 
ceived in a low pressure system, caused by considerable reduction 
at hours of greatest consumption and: excessive pressure at times 
when the consumption is little. During the year complaints 
caused from faulty regulators have been véry few, and I believe 
only two or three have had to be exchanged in order to be read- 
justed. The variation in candle power between the two systems 
of distribution of the same gas has been very slight, and it is the 
opinion of the writer that increased efficiency in illuminating 
value and heating value, caused by the drying of the gas during 
the process of compression, fully offsets any decrease in these 
qualities from the deposit of illuminants by compression. 

Finally, the operations of the system have been satisfactory; the 
amount of sales for two seasons in a scattered, thinly populated 
territory has been more than we had any reason to expect; the 
troubles incident to distribution have been less per meter than 
upon the low pressure system; the supply for the last twelve months 
has not been interrupted for an-hour for any reason, and the chief 
difficulties, mentioned in the first part of the paper, we think 
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have been successfully overcome. If the system were to be con- 
structed over again, no district regulators would be put in, and 
consequently no low pressure pipe; protection against electrolysis 
would be freely introduced of the kind we are now using. 

When the time comes to increase the capacity of the line, either 
to supply present territory or add more territory, a duplicate line 
will be put in parallel to the present one for about half of the dis- 
tance, and this second line would not only increase the total capa- 
city but furnish an assurance of supply should either line for any 
reason be injured, as the two can be connected by valves in such 
a way as to be used separately or together. 

The operation of the compressors, which are in duplicate, has 
been satisfactory, and the repairs trivial; and at no time have 
both of them been out of order. The two have run together for 
short periods at the hours of greatest consumption, which shows 
that the capacity of transmission can be almost instantly in- 
creased and the failure of supply at this point, from anything 
short of:a general wreck, improbable. 


ELECTRICITY IN THE WORLD OF ENGINEERING.* 
BY CHARLES F, SCOTT. 


CIENTIFIC discovery, invention, engineering development, 
S —all these underlie the awakening of recent years. To 
such an audience as this I need not dwell upon the import- 
ance of electricity in the new era, nor recite the many ways in 
which it has led to the revolution of old methods and the evolu- 
tion of new ones. But I do not emphasize the magnitude of the 
work which devolves upon the youngest of the professions and the 
need of developing effective men and efficient methods. With 
few exceptions the electrical enterprises of the present day, in 
which $4,000,000,000 of capital are invested, have grown up with- 
in the past fifteen or twenty years. Not only that, but the men 
upon whom this work has depended for its inception, its develop- 
ment and its operation have likewise been developed during the 
same time. They have worked without precedents. There has 
been no illustrious past, no lamp of engineering experience to 
guide. Nor have electrical matters stood still. One set of 
problems is scarcely met before new requirements arise. 

Note the evolution in electrical transportation in New York 
City. Ten years ago horse cars were being replaced by cable cars. 
Scarcely had their places in turn been taken by the electric sur- 
face cars before the equipment of the elevated railway with its ex- 
tensive and exacting service was undertaken. Before the Man- 
hattan trains were in operation an underground system was planned 
with heavier trains and higher speed, and long before the Rapid 
Transit is started the Pennsylvania Tunnel is undertaken for trains 
operating under steam railway conditions. 

On the other hand the electrical advance has called for larger 
and more complex systems; on the other hand there has been a 
demand for men, for more men, for larger men, for men to devise, 
to undertake and to execute. An increasing number must carry 
on work such as has been done before, others must advance to that 
which is new and greater. Responsibilities of increasing magni- 
tude confront the electrical engineer. What provisions are there 
for making his work more certain and more efficient? What 
are the forces which tend to co-operation and advancement among 
electrical workers and in electrical work ? 

In reply to these questions I desire to present the American In- 
stitute of Electrical Engineers as a definite positive force for the 
advancement of the electrical engineering profession and its work. 
The Institute cannot take as its type the learned societies of the 
old school in which the accumulation of profound papers for pre- 
servation in its archives may be taken asa main object. A new 
era has come. Modern science and engineering belong to a new 
order of things. The electrical engineering profession is unique. 
Electricity enters into so many departments of our modern civil- 
ization that its function is difficult to describe. If I were called 
upon to state the effect of electricity in briefest terms I should 
: *Summary of the Presidential Address delivered at the Annual Dinner of 
the American Institute of Electrical Engineers, held at Sherry’s, New York, 
February, 9, 1903. 
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reply, electricity increases efficiency. By its use the world’s work 
may be done more quickly and at less cost. The telephone is an 
instantaneous messenger, it doubles the work a man can do. The 
railway motor, the motor in the mine, the crane motor, the motor 
in the machine shop bring results more quickly and more cheaply. 
Electro-chemical processes produce cheaper products. The elec- 
tric light adds to the hours of efficient activity. Electricity has 
given to the whole world a new method of doing things—of doing 
them more efficiently in time and in cost. The work of the elec- 
trical engineer is not separate and apart, but it is interwoven with 
every branch of engineering, with every industry, with commerce 
and in a score of ways with the conveniences and necessities of 
every-day life. Electricity is a universal agent, a unifying agent. 
Do not imagine that the profession of electrical engineering is 
narrow—is there another that touches modern life at so many 
points? The history of the past few years, the tendencies of the 
present promise an expanding future. Activity is the characteris- 
tic of America. It is the keynote of American electrical engineer- 
ing. The national organization which represents the electrical 
profession must be an active organization, it must be a broad or- 
ganization, it must have an ever expanding ideal. It must take a 
definite grasp upon present conditions and be a positive force in 
electrical engineering advancement. Its mission is not restricted 
to the welfare of the electrical engineer alone, but through him 
and through his work it comes in touch with our modern life in 
as many points as electricity itself. He was reputed a benefactor 
of the race who made two blades of grass grow where one had 
grown before. How much more a benefactor is he who controls 
the subtle agent that can double the effectiveness of effort in a 
thousand ways? 

The Institute must be in touch with many men. Our member- 
ship is composed of two classes. To one are admitted only those 
who have attained a high starflard in the electrical profession. 
To the other belongs the larger body of electrical workers. The 
ideal of the one is dignity, the ideal of the other is usefulness. 

There are those who question whether the extension of our 
membership may not compromise our dignity and lower our 
standards. But I question whether we are truly representative of 
the electric engineers of America and whether we can exert our 
proper influence upon electrical progress while there are outside 
our ranks thousands of electrical workers—some who are leaders, 
many who are in positions of responsibility, many who are young 
men of promise, and others who are prominent in pursuits closely 
associated with electrical applications. We have failed to catch 
the spirit of the times and the keynote ot electrical progress if we 
do not realize that we must expand and broaden and progress as 
well as maintain high standards of excellence. Full membership 
should be exclusive, associate membership should be inclusive. 

The benefits which come from activity and association are being 
secured through the many local chapters which have been formed 
during the past half year. In a dozen or twenty cities and 
colleges, among Institute members and among students, there are 
local meetings usually following shortly after the New York meet- 
ings at which the original papers with their discussions are re- 
viewed and again discussed by members and students. There is 
scarcely any other way which can conduce more to the effective- 
ness of our Institute in directly strengthening and elevating the 
electrical workers of America than through the local meetings to 
which young men in electrical work and in educational institu- 
tions may be drawn. 

In its influence upon electrical engineering progress the Insti- 
tute is doing a good work. Its transactions are a continuous pan- 
orama of electrical engineering progress. The work of its Stand- 
ardization Committee and of its National Electric Code Committee 
has been an influencing factor in establishing definite and uniform 
practice; its Transmission Committee for securing and publishing 
extended data upon high tension transmission is now actively at 
work. A new committee has just been established for the collec- 
tion and publication of general electrical engineering data. This 
will be an efficient medium for the publication of useful and up- 
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to-date data which may be furnished by engineers or by manufac- 
turing companies. 

We are looking forward to the time when we may have a build- 
ing which will be suited to the dignity and the demands of our 
society. We have been holding our meetings in the assembly 
rooms of a sister society. On many occasions those standing 
almost equalled the number of those seated. I am among those 
who constitute, I believe, a large and growing number among 
the engineers in the national societies whose ideal is a magnificent 
engineering building giving adequate accomodations to many 
societies, where each may have the individual facilities which will 
enable it to carry on its own particular work most advantageously, 
and it will have those common facilities, such as a large assembly 
hall and reception room, and a general library which will be of 
the greatest common advantage and benefit. The value and in- 
fluences of such a building is not merely in the convenience of the 
building itself, even a greater benefit is its influence as a definite 
material representative of the general engineering profession and 
the co-operation between engineering societies and engineers. 

President Pritchett of the Massachusetts Institute of Technol- 
ogy said at the Stevens Institute Inauguration last week that 
‘Isolation indicates a low state of civilization.’’ Let us be civil- 
ized ! let us co-operate ! 

This modern world of ours depends most vitally for its efficient 
operation on the engineer who lays out our cities and constructs 
our houses and our railroads and our bridges and our water ways 
and our vessels, who operates our mine and provides the means of 
communication, of light, of warmth and whose work enters so 
fundamentally and so completely into everything which differen- 
tiates our material conditions from those of the savage who pre- 
ceded us. 

May it not be that our present prosperity is not merely a crest 
on the recurring cycle of financial ups and downs, but a normal 
condition in a new era of wealth production has been brought 
about through the thought and effort of the engineer. 

It is of inestimable consequence that every means should be 
afforded for increasing the effectiveness and the efficiency of the 
engineering profession. As electricity has been a unifying ele- 
ment in modern affairs, making it possible to operate street cars 
and passenger trains, elevators and printing presses and machine 
shops, to light the lamps in street and office and home, to illumin- 
ate the advertising sign, to heat the curling iron or to cook the 
luscious steak all from one system, from one power house, from 
one dynamo; so likewise may not the electrical engineer be a uni- 
fying agent among the engineering professions? Let the spirit of 
the American Institute of Electrical Engineers be—not isolation 
—but co-operation. 


THE ELECTRIC CLUB OF PITTSBURGH, PA. 


HE first annual report of the Electric Club, of Pittsburgh, 

Pa., has been issued in the form of an attractive booklet 

under date of March 19, 1903, the anniversary of the 

Club’s organization. This pamphlet, of artistic design and illus- 

tration, gives the constitution and membership of the club, the 

scope, plans, and personnel of the various committees, and an out- 
line of the work accomplished and proposed. 

A feature of this work which has proven very valuable is the 
formation of classes for the study of technical subjects under the 
instruction of various engineers of the Westinghouse Electric and 
Manufacturing Company. These classes, or ‘‘sections,’’ constitute 
‘self exciting’’ engineering societies within the parent body, each 
section pursuing a separate and definite line of study. As a fur- 
ther aid, there is a well-equipped technical library, including the 
various electrical and mechanical magazines. But that ‘‘Jack’’ 
may not be a ‘‘dull boy,’’ the social side of life is directed by the 
committees in charge, of which not the least is that known as the 
‘Ladies’ Committee’’—an-ever-to-be-desired element in any club. 

Evidently the sentiment ‘‘The Club has proved to be a de- 
cided success,’’ is well grounded and congratulations on the fact 
are extended, 
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EDITORIAL. 


When it comes to the matter of high 
tension switching, manufacturing en- 


GET 
BUSY YE gineers are as much in the dark, as a 
SWITCHMAKERS! general rule, as were the transmission 


engineers of yore when they attempted to 
determine the virtues of line insulators 
by testing them under laboratory conditions without re- 
gard to the conditions which are common to every char- 
acter of ordinary commercial transmission service. With 
every deference which is due to the praiseworthy efforts 


being put forth both in the East and in the West to bring 


out an at-all-times reliable high tension switch, it cannot 
be said, in so far as experience on the Pacific Slope 
teaches, that opinion has cei tered on any particular type 
of switch—if the oil-insulated type be excepted—as being 
throughly trustworthy. And even reference to the oil- 
insulated type names a genus only, rather than a species. 
Let the fact be accepted as an ultimatum from the wis- 
dom of transmission engineers that success in the opera- 
tion of a high tension switch under laboratory conditions 
carries no endorsement whatever regarding the merits of 
the switch when installed in actual transmission service. 

If it be asked what are the general specifications under 
which a switch of this character must pass muster, let it 
be said, for instance, that it must break absolutely a 
practically instantaneous short-circuiting of the extreme 
line potential under which it is designed to operate; that 
it must break this short-circuiting with a generator capa- 
city of 2000, 3000 or even 5000 kilowatts behind it; and 
that it must break this short circuit at the end of the line, 
whether it be 100 miles or 200 miles or whatever the 
length of the line may be from the power house. And 
do nut forget the-end-of-the-line specification, for it is vital. 

High tension switches have individualities distinctively 
their own. ‘They are phlegmatic, they are dyspeptic, 
they are freakish and they are ‘‘ good dogs now’”’ as their 
fancy pleases. Hysteria, as known in the category of 
human ills, is but a mild malady to their physique, for 
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they possess the ability of taking on every aliment to 
which electrical apparatus is heir. And then, without 
ado, in the next moment they become docile as a lamb, 
only to butt out the next time in most strenuous goat- 
fashion, scattering all pre-conceived notions and experi- 
ences like a center shot in a bowling alley. They will 
operate satisfactorily for a round dozen of trials, but, as 
has been said before, beware of the thirteenth time, for 
with the throwing of the switch may come the casting of 
fond hopes into the kingdom come. 

Above all, ye switchmakers, when you are spending 
your time and your treasure in inventing new forms of 
devices, bear in mind that when your switch gets down 
to the hard, practical work for which you are designing 
it, its moments Of crucial test are those in which the en- 
tire energy of each and every power house of the system 
is centered within it, and that these moments are those 
in’ which the switch designer wishes for aye that he had 
taken a post graduate’s course in the testing of untried 
high explosives in heavy artillery service. 

To say the least there is much room for improvement 
in the design of high tension switches. Then, in the 
vernacular, ‘‘get busy,’’ ye switchbuilders, for ye have 
much to learn and much to do. 


An influence of trade journalism which 
is of surpassing importance lies in the 
fact that its utterances serve as beacons 
for the lay press in guiding public opinion 
—and hence public thought and public 
activity—along special channels, none of 
which are of more importance to the industries of the 
nation than are those relating to the development, trans- 
mission and distribution of power. THE JOURNAL is 
day by day becoming more and more potent in the ir- 
fluence it wields in this and countless other directions, 
and the evidence is both cumulating and preponderating 
that the utterances of these columns take rank with those 
of the older and more widely known publications of the 
more populous communities of the East. Witness, for 
instance, the following editorial from the Sax Francisco 
Chronicle of Sunday, March 21, 1903: 


THE LAY PRESS 
SOUNDS THE 
SLOGAN. 


The utilization of mountain water power is passing through a 
course of development in France and Switzerland corresponding 
with that of California, where the greatest impetus has been given 
during late years to the generation of electricity from the 
mountain water sources. The New York Eugineering Magazine 
for February contains an article comprehensively describing the 
utilization of the water power so plentiful in the Alpine districts 
of France and those of its mountain-hemmed little neighbor, 
Switzerland, and THE JOURNAL OF ELECTRICITY, POWER AND 
Gas, published in this city, describes in the January number the 
later electric-power developments from Sierran sources in Cali- 
fornia. From these publications information is derived which 
enables us to institute an interesting comparison of the progress 
here and abroad in this field of industry. 

Practically, California is the home of long-distance transmission 
of electric power. The necessity for cheap power which existed 
here, and the opportunities for the utilization of mountain 
streams for the conversion of their energy into electricity made a 
happy combination for the encouragement of enterprises of that 
kind which farseeing capitalists and skillful engineers quickly ap- 





April, 1903] 


préciated and seized. There was no field in the civilized world so 
inviting for this form of industrial development, because in other 
states and in other countries where power was in demand it was 
then obtainable in unlimited volume from cheap fuel. California 
thus became the pioneer in the creation of large electric power 
plants and long transmission lines. These have been multiplying 
at a rapid rate in all parts of the State, and the work of erecting 
new plants and the conservation of the energy contained in 
mountain streams for their operation is still in progress. The 
later discovery of an abundant supply in the State of the cheapest 
kind of fuel known to man—crude petroleum—has stimulated 
rather than retarded the production of transmissible electric 
power. The older companies controlling the larger plants are, 
consequently, extending their operations, re-enforcing their orig- 
inal sources of water supply with new reservoirs and harnessing 
previously neglected streams to new dynamic installations. The 
annual number of THE JOURNAL OF ELECTRICITY POWER AND 
Gas describes in detail these later developments. Their magni- 
tude may be inferred from this one fact—that the South Yuba 
Water Company’s watershed, which is being drawn upon by the 
main works of the Central California Electric Company, has an 
available supply of not less than 200,000,000,000 gallons. As de- 
veloped, this system is now employing 8000 miner’s inches or 
136,000,000 gallons daily out of the 35,000,000 inches, representing 


6,000,000,000 gallons, daily available in its present reservoirs and 


ditches. It owns twenty storage reservoirs, fifteen distributing 
reservoirs and forty-six canals, whose combined length approxi- 
mates 450 miles and contains 50,000 available horsepower. 

All of the electric power plants in California have grown out of 
the humble beginning made at Redlands, San Bernardino county, 
in 1892, where the first polyphase transmission plant in America 
was erected to supply a city gf only 4000 inhabitants with electric 
light and power from the energy contained in the neighboring 
stream known as Mill Creek. It was a very modest plant. Now 
electric power transmission lines are stretched almost unbrokenly 
from the Siskiyous, on the Oregon border, to the Mexican 

. boundary line at San Diego, and reaching out to every community 
from the summit of the Sierra t# the shores of the Western sea. 
The pioneer plant at Redlands has been absorbed in a system em- 
bracing seven other power installations, whose lines distribute 
light and energy to twelve southern California cities located in the 
valleys of Los Angeles, San Gabriel, and Santa Ana and the inter- 
vening territory, and the Edison Electric Company of Los Angeles, 
which is in general control, is now spending _ approximately 
$2,000,000 in the installation of an electric generation plant on 
Kern River and a transmission line of 100 miles in length to 
carry an additional 13,300 horsepower of electric energy into the 
city of Los Angeles to operate the vast system of railroads which 
has recently been built to cover four neighboring counties. 

Imitating the example thus set by California, Alpine France 
and Switzerland are turning to the same kind of account the 
streams which tumble in foaming cascades down the precipitous 
sides of their mountains into their quiet and picturesque valleys. 
The Engineering Magazine appropriately describes these torrents 
as the ‘‘ white coals’’ of France and Switzerland. They are cer- 
tainly proving their right to the title and serving a better purpose 
than ‘‘ black coal’’ delivered in the same localities has ever been 
capable of doing, because of its greater cost. 

The city of Grenoble, containing about 70,000 inhabitants, is 
the home of a number of very important industries, including 
cement, leather dressing and tanning, skin and fur dyeing, 
buttons and clasps, hats, woodwork and glove-making. Of the 
latter 40,000,000 pairs are turned out annually. The city is 
located near the junction of the river Isere and its tributary, the 
Drac, both of which are now being used as sources of water power 
for the manufacture and transmission of electricity. The Drac 
has an available 100,000 horsepower and something between 4000 
and 5000 horsepower is being drawn from the Isere now. All 
around this fortunately located city are a great number of other 
streams possessing waterfalls just suited to the wants of the elec- 
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trical engineer and which have hitherto been regarded through 
the ages as mere objects of interest in the scenic attractions of a 
region of exceptionally romantic beauty. Ruskin inveighed 
against the railroads because their intrusion scarred and ruined 
the landscape, in his judgment. But even Ruskin, whose en- 
thusiasm for art in nature was carried perhaps to an extreme, 
would not revolt against the invasion of the romantic glens of 
Alpine France and Switzerland or the canyons of the Sierran 
slopes by the modern power-producing establishments, for it is ac- 
complished with the least amount of disturbance of natural con- 
ditions and without creating anything out of harmony with the 
natural scenery. Practically, they give merely the suggestion of 
life to what would otherwise be inanimate nature. In the con- 
struction of the French and Swiss electric power plants an effort 
seems to have been made to harmonize the architectural effects 
with the natural surroundings. Doubtless there was a commercial 
as well as an art motive underlying this development. Alpine 
France and Switzerland are the great show places of Europe, and 
the people have no desire to make them any less attractive to 
sightseers and thus stop the flow of revenue from abroad which 
has been coming their way in a steady stream for at least the 
better part of a century. In California, no consideration has been 
given to the artistic effects. All the power plants erected here 
have been planned and constructed on purely practical lines and 
solely for utilitarian purposes. But our show places are so numer- 
ous and so massive and extensive that the occasional intrusion of 
a smokeless power plant produces practically no disfigurement of 
the landscape. Besides, California has not reached a stage in its 
history when special reliance is placed upon the revenues derived 
from sightseers, as Alpine France and Switzerland have, and 
they have, therefore, sensibly saved the old source of revenue 
while creating a new one of still greater promise and profit. 


At the very summit of the Rocky 
Mountains, where waters flowing ever to- 
ward the Atlantic give power, through 
high tension transmission, for consump- 
tion on the Pacific Slope, there is a trans- 
mission line which crosses the Contin- 
ental Divide that is remarkable in a more important way 
than that due to its geographical distinction. This 
transmission line is built on a grade comparable only to 
that of a railroad track, to do which necessitated the use 
of poles of widely varying lengths, yet the grade is so 
carefully tollowed that were it not for the wind (it has 
practically no curves) tying would be unnecessary, for the 
line would rest securely by its own weight in the top 
grooves of the insulators. 

The climatic conditions existing along the route of a 
transmission line which traverses the summit of the 
Rocky Mountains may well be imagined, yet this line 
has never known failure in the four years in which it has 
been in service. More than that, it is patrolled but three 
times a year, the last trip over it for the winter being in 
October. 

The details of this noteworthy transmission system, for 
it is none other than that of the Butte Lighting and 
Power Compau.y from the Bighole River to the city of 
Butte, Montana, are given in the leading article of this 
issue of THE JOURNAL, the reading of which will show 
other innovations of equal interest. 

But as to graded lines, where is there a transmission 
engineer in the country who can exhibit a better instance 
of sounder judgment than the one who built this line? 


THE INFLUENCE 
OF 
GRADED LINES. 
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THE CRANE THAT BROKE THE LINE OF OGDEN CANYON 


THE TALE OF A GRAY-NECKED CRANE, 


IRDS and “ buzzsaws’’ apparently have little in harmony be- 
tween them except alliteration in name, yet the transmis- 
sion engineers of more than one system will bear witness 

that an affinity exists between them—possibly because of the very 
opposites of their natures. Figuratively, a high tension trans- 
mission line is a ‘‘ buzzsaw’’ of the most virulent type, and bear- 
ing this in mind, readers of THE JOURNAL will recall the relation 
of the experiences of the San Joaquin-Fresno line with a pair of 
gray eagles; of the Kern River-Bakersfield line with the white ow]; 
and of the Folsom-Sacramento line with the stork that brought 
trouble, not children. And now comes the Ogden-Salt Lake City 
line with a crane of the species made famous by the inimitable 
stories of Ernest Seton-Thompson who, were he conversant with 
the facts of the present case, might well find a new tragedy in his 
birddom love, 

Seriously, however,—for the interruption of a transmission line 
is a serious piece of business—about 8:15 a. m. on June 27th last, 
a short circuit of great severity yet of comparatively brief dura- 
tion, came on the Ogden-Salt Lake line, and about an hour after 
the occurrence a patrolman found the remains of a crane, as 
pictured herewith, under the transmission wires. This discovery 
told the story of the accident, the engineering significance of 
which is related in the accompanying voltmeter chart. 

It is worthy of note that while the Fresno eagles and the Sacra- 
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mento stork were ‘‘ vaporized entirely,’’? ex- 
cept for a pair of bills and a claw or two, the 
Bakersfield owl and the Ogden crane came 
through the ordeal ‘‘ physically sound, but 
dead.’’ 


THE TESLA SPLIT-PHASE PATENTS. 


UDGE COLT, of the United States Circuit, 
District of Massachusetts, on March 11th, 
handed down a decision covering the 

Tesla split-phase patents, the parties to the suit 
being the Westinghouse Electric and Manufact- 
uring Company and the Stanley Instrument 
Company. The opinion, which is very brief, 
refers to the recent decision of Judge Townsend 
in a suit on appeal in which the same patents 
were involved. 

The opinion states that upon careful consid- 
eration of the evidence, the court has reached 
the conclusion that the complainant has. failed 
to establish, bv sufficient proofs, the concep- 
tion by Tesla of the inventions in suit prior to 
April 22, 1888, the date of the Ferraris publica- 
tion. In a complainant’s supplemental brief 
no reasons were found stated or authorities 
cited which should lead the court to any differ- 
ent conclusion. Since the hearing in case at 
bar, the Circuit Court of Appeals for the 
Second Circuit, in a suit invoking the same 
patents brought by the complainant against 
the Catskill Illuminating and Power Company, 
upon the same evidence which was before the 
present court, has held that the proofs were in- 
sufficient to establish invention by Tesla prior 
to April 22, 1888. Judge Colt considers that 
this decision, which was passed down February 
26, 1903, renders unnecessary an extended 
opinion by him, since it would be only repeti- 
tion of the views so clearly expressed by Judge 
Townsend in the opinion of the court in the 
Catskill case. A decree is to be entered dis- 
missing the bill, with costs. 
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LITERATURE. 


‘DESIGN OF DyNAMOS,’’ by Silvanus P. Thompson, D. Sc., 
F.R.S. Cloth, octavo, 254 pages, 9x5% inches, with ninety- 
two illustrations, four pages of windings in three colors, ten 
large folding plates, and numerous tables, formulz and other 
data. Published by Spon & Chamberlain, New York, 1903. 
Price, $3.50. 

There is one niche in every electrical engineer’s library which 
is filled mainly by the works of the present author, and that is 
the one reserved for the standard textbooks of the world on 
dynamo-electric design and machinery. Professor Thompson’s 
works are superior to those of any other English writer upon the 
same subjects, and the only regret which must be expressed in 
discussing them is that they are more partial to European methods 
than to those of America. The truth is that thus far no other 
electro-technician has risen to the high plane of authorship set 
by the writings of Professor Thompson, and especially is this true 
if the value of the works of the latter be gaged by their popularity 
among the masses of electrical readers who want their books 
served up to them well seasoned with originality, with readability 
and with comprehensibility. Professor Thompson’s books are 
pre-eminently satisfying in these directions, and when there is 
added the qualification of absolute reliability, the circle is com- 
plete. But why does he not give us something that will bristle 
with American machinery, as his present works do with machinery 
of continental build? 

In reality, however, this stricture applies in the present instance 
mainly to chapter VII, wherein are given examples of dynamo 
design; but, nevertheless, this chapter occupies more than a 
quarter of the book. The remainder of the work is an exposition 
of the principles of dynamo design, although it is not intended to 
supersede other more complete handbooks which delve deeply 
into the theories of the subject and are appreciated best by 
advanced students. The present work is confined to the treatment 
of direct-current machines, and although the author declares that 
it is intended primarily for his own students, it is certain to find a 
prompt appreciation by direct-current dynamo builders as well as 
students throughout the English-speaking world. It is a pleasure 
to note that the calculations and data have been expressed in inch 
measures, and that the author has adopted in this book the deci- 
mal subdivision of the inch—small lengths being given in mils, 
and small areas or cross-sections in square mils, or, sometimes, 
also, in circular mils to conform to American practice. 

The subjects upon which the work treats are told in the chapter 
headings. Magnetic calculations as applied to dynamo design are 
discussed, as are also copper calculations, coil windings, insulating 
materials and their properties, and armature winding schemes. 
Then follows a chapter upon the estimation of losses, heating, and 
drop in pressure, after which comes another upon the general 
subject of the design of direct-current machines, the whole con- 
cluding with numerous examples of various designs of direct- 
current dynamos. The appendix contains both British and 
American wire gage tables, as well as four pages of schedules for 
continuous current dynamo design. No space is devoted to the 
theories of armature winding nor to practical methods for winding 
armatures in the shop, all these matters being covered in the 
author’s well known ‘‘ Dynamo-Electric Machinery.’’ It is essen- 
tially a practical work—would that there were more like it. 


‘‘SrRAM POWER PLANTS; THEIR DESIGN AND CONSTRUCTION,” 
by Henry C. Meyer, Jr., M. E. Cloth, octavo, 160 pages, 
6x9™% inches, with sixty-five illustrations and sixteen folder 
plates of power plant plans. Published by The McGraw Pub- 
lishing Company, 114 Liberty Street, New York, 1903. Price, 
$2.00. 

It was a happy. idea which impelled the ‘author of this work to 
collate under a single cover a variety of data, information and 
suggestions relative to the design and construction of steam power 
plants, whether to be used in factory, mill or electric station work, 
yet it was a very natural thing to do, and, having been done, the 
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wonder is that it was not thought of long ago. Mechanically, the 
‘*get-up’’ of the book is such that it strikes one as being of the 
machine-made variety, and it is certainly cheapening to the work 
of any author to run a miscellaneous lot of advertising in the back 
of the book that he writes. The present work is conspicuous in 
this regard, for it contains no less than thirty-three pages of 
advertising matter of this nature, which perhaps implies that a 
doubt existed in the mind of either the author or the publishers that 
the work is not of sufficient hardihood to stand on its own merit, 
and that its probability of success would hinge upon the amount of 
advertising patronage it could secure. Then there is further to be 
considered the popular belief that the author who sanctions the 
running of advertising pages in his book is not above the sus- 
picion of having been tempted at least to bend his judgment as an 
author toward the products of those concerns which have given 
him or his publishers good hard cash in return for advertising 
space. There is a place for everything. but certainly an engineer- 
ing treatise which purports to be a conscientious guide for the aid 
of intending purchasers, is not the place for paid advertising mat- 
ter. Such a book becomes an advocate and not a judge. But this 
criticism is, however, directed toward a specific class of books 
rather than to the particular one now under consideration, which 
is no worse an offender in this regard than scores of other works 
that have been written by authors who are less thoughtful than 
avaricious. 

As to the book in hand, the range of its subject matter is wide 
and the treatment is both comprehensive and thorough. Ques- 
tions concerning the design of steam power plants, the proportion- 
ing of steam boilers, the design of tubular boilers and boiler 
specifications, the selection of types of engines and engine specifi- 
cations, the arrangement of steam and water piping, condensers, 
feed water heaters and economizers, mechanical draft, chimneys, 
coal handling, water supply and purification, and, in fact, all 
features of steam power plants are discussed with the high degree 
of satisfaction that characterizes 7he Engineering News, from 
which part of the text of the book has been taken. In truth, 
when the demand for these articles seemed to warrant their being 
published in book form, they were thoroughly revised and new 
matter added. A number of the illustrations have been selected 
from articles printed in the publication named during the last two 
or three years descriptive of steam power plant construction, but 
they are reproduced without the text which originally accompanied 
them, as they are sufficiently instructive in themselves. 

In his introductory remarks the author states to the effect that 
the matter in this book was writtet to give information to owners 
or managers of manufacturing plants or buildings requiring power 
installations, since they are from time to time called upon to 
specify or purchase the machinery needed for the proper equip- 
ment of their buildings with a view to efficiency and economy in 
operation. While it is true wisdom to employ an expert to pre- 
pare plans and specifications for any important power plant, it is 
yet a fact, and likely to remain so, that the great bulk of steam 
installations will be made under the direction of men experienced 
in the details of manufacturing in their special lines, yet who 
make no claim to expert knowledge in power plant engineering. 
To such the information presented in these pages will prove 
suggestive and valuable, as well as to the engineer, architect and 
student who desires general information on the subject treated. 
To the expert it claims only to present in accessible and convenient 
form data useful in the practice of his profession. 


‘“RLECTRICITY AS APPLIED TO MINING,’’ by Arnold Lupton, 
G. D. Aspinall Parr, and Herbert Perkin. Octavo, cloth, 280 
pages 6x9 inches, 167 illustrations and two folding plates. 
Published by D. Van Nostrand Company, New York, 1903. 
Price, $3.50. 

Again it is iucumbent upon the reviewer to point out that it has 
been left to our English cousins to recognize the necessity for en- 
gineering literature upon an application of electricity which is 
fast becoming of the greatest industrial importance, and to satisfy 
that necessity by compiling and publishing a work which must be 
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accepted as embodying all that is latest and best within the pro- 
vince of the industry upon which it treats. If to these statements 
there be added the single observation that authors of engineering 
books are apt to become localized in their experience, and hence 
in their wisdom, then there has been written all that can be said 
in generalities concerning the obviously excellent book now in 
hand. Without doubt it is a thorough engineering exposition of 
the subjects embraced in its title, especially in so far as practices 
in vogue in Great Britain are concerned. Its authors are men of 
wide experience in mining and colliery matters; all are associated 
in one capacity or another with the Yorkshire College of Victoria 
University, and as a result probably no other set of men in the 
United Kingdom are more qualified to discuss the subject matters 
of the present book than are they. 

A scanning of its pages impresses the fact that twenty-five years 
ago the use of electricity in mining was confined to signalling and 
shot-firing; twenty years ago the pioneers of electric lighting and 
electric power transmission had begun to use these invaluable ap- 
plications in a few mines in various parts of the world; since then 
numerous improvements have greatly facilitated the uses of elec- 
tricity in mining work, until today they have become so wide- 
spread as to appear to be destined to soon become universal. In 
view of this it is not surprising that a demand has arisen for a 
textbook that will deal especially with the subject. Indeed so 
many are the subjects to be studied in the vocation of mining en- 
gineer that it is impossible, within the limits of a treatise on min- 
ing to deal adequately with such an important topic as the 
specialization of electrical engineering in mining; and on the 
other hand, the many excellent books which deal solely with 
electricity, having been written mainly for the electrical engineer, 
go further into a complex subject than the mining engineer re- 
quires. A close scrutiny of its pages show, however, that the aim 
of the authors has been to present the leading truths and main 
principles underlying electrical engineering in mining duty, with- 
out going into great detail, their intention being, it would seem, 
that the reader should have recourse for further information on 
the respective subjects of electrical and mining engineering to 
some of the many standard works of each branch already in exist- 
ence. The reader also becomes impressed with the wisdom of 
joint authorship in a book of this nature, for with its electrical 
side and its mining side, joint authorship is at least advantageous 
if it is not absolutely essential. It is a truth not to be gainsaid 
that if success is to be attained in the electrical operation of min- 
ing machinery, the labors and energies of the electrical engineer 
must go hand in hand and in perfect harmony with those of the 
mining engineer. 

The book is divided into fifteen chapters, the first seven of 
which relate to electrical subjects which, though perhaps com- 
monplace to the electrical engineer, must be explained in consid- 
erable detail to bring the subject matter of the later chapters of 
the book within the comprehension of the mining engineer. 
Among these seven chapters may be noted an elementary discus- 
sion of electrical units and their values; a description of the 
various types of dynamos and motors, and a chapter on prime- 
movers for driving dynamos and such as water wheels, steam, gas 
and oil engines. Another whole chapter is devoted to the steam 
turbine, while the chapter on the distribution of electrical energy 
discusses the various systems of distribution applicable to mining 
service, including the polyphase systems. The subject of starting 
and stopping dynamos and motors receives consideration in an 
entire chapter, as does also that of electric cables. Similarly the 
last four chapters of the book are confined, practically, to treat- 
ments of electrical subjects, such as electric lighting by arc and 
incandescent lamps; the dangers of electricity, and the cost of 
electric power in comparison with that of other modes of power 
transmission, such as steam, movable rods, wire ropes, compressed 
air, hydraulics, gas and oil. Then in the third to the last chapter 
some thirty-six pages are devoted to the miscellaneous applica- 
tions of electricity, among which are enumerated telephones, 
signal bells, electric blasting, safety lamps and the electric light- 
ing of them, electric drills, electric welding and electric hoisting 





[Vol. XIITI—No. 4 


or electric ‘‘winding’’ as the text states. Chapters VIII to XI 
inclusive are more strictly confined to the applications of elec- 
tricity to mining than are the remaining ones. They treat, for 
instance, on hoisting, ventilating, pumping, hauling and coal- 
cutting, as well as presenting various estimates of costs of con- 
struction and operation, all of which are of the greatest possible 
value to the mine manager in considering the advisability of sub- 
stituting electric power for power from some other source. 

A serious omission in the work—serious at least in the minds of 
the mining engineers of America and South Africa for instance— 
rests in the fact that it gives little or no practical consideration to 
the use of induction motors in hoisting duty. This, of all others, 
is the great problem of an unsolved nature which is confronting 
mining and transmission engineers today. Not that induction 
motors will not operate mining hoists, for they will; but they do 
not always do it to the satisfaction of the transmission engineer, 
albeit they may satisfy the requirements of the miner. It is this 
very situation which led John B. Tregloan to observe in a paper 
read before the recent convention of the California State Miners’ 
Association* that ‘‘It seems very strange that a proper under- 
standing cannot be had as to the feasibility of electricity applied 
direct to hoisting machinery.’’ Mr. Tregloan’s perplexity is a 
natural one, yet should he turn to the present book for enlighten- 
ment he would find none; for it seems to be very evident that the 
colliery engineers of our mother country have had no experience 
worth naming in the use of polyphase motors in mining duty. 
But for Mr. Tregloan’s information let it be stated, perhaps paren- 
thetically as the matter is foreign to a book review, that feasi- 
bility in the direction indicated is always possible provided the 
source of electricity supply is backed up plentifully with gener- 
ator, line, and transformer capacity. It is a question of transmis- 
sion rather than one of application, for if the motor be given the 
power it will do the work. 

With this digression it may be said in conclusion that the book 
in question is an exemplary exposition of the progress made in 
the application of electricity to mining in all the many ramifica- 
tions of English colliery practice, and in being such it is par ex- 
cellence the book of books for the mining superintendent who 
would investigate the principles and possibilities of electro-min- 
ing application and development. 


‘*THE ART OF ILLUMINATION,’’ by Louis Bell, Ph. D. Octavo, 
cloth, 339 pages, 127 illustrations. Published by the McGraw 
Publishing Company, 114 Liberty Street, New York, 1903. 
Price, $2.50. 

If Dr. Bell had never written his matchless book on ‘Electric 
Power Transmission,’’ or if his other numerous writings had 
never been brought before the public in any way, the inestimable 
value of the present work alone would have given him a full 
meed of world-wide renown, for truly if there is any book pub- 
lished in the English language which is of sufficient merit to war- 
rant its being regarded as representing an ethic of a science, it is 
this very one. Bell’s ‘‘ Art of Illumination,’’ is in brief, a master- 
ful discussion of the scientific applications of artificial light. It 
does not deal with the problem of distributing illuminants, and 
indeed it treats of them only in so far as a knowledge of their 
peculiarities is necessary to their intelligent use. General prin- 
ciples rather than concrete examples of artificial lighting are dis- 
cussed, and since the science of producing light changes so 
rapidly that the apparatus of yesterday may be discarded to- 
morrow, the author has wisely made it a point to lay particular 
emphasis upon ways for shunning the many sins which are com- 
mitted on every hand against the fairly well defined laws under 
which proper results in illumination may be attained, rather than 
to dilate at length upon the economic or other advantages of the 
specific methods of distribution at present in vogue in the domain 
of artificial lighting. 

This is the only book in the language which deals directly with 
the scientific and artistic use of modern illuminants, electric and 
other. For this reason it is indispensable to architects and decor- 


*THE JOURNAL, Volume XIII, page 150, February, 1903. 
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ators as well as to those engaged in the manufacture and sale of 
illuminants. The first three chapters are devoted to a discussion 
of the physical and physiological principles which form the basis 
of the art of artificial lighting. Then in succession are taken up 
the properties of practical illuminants and their bearing upon the 
development of modern lighting. The chapters upon electric 
incandescent lamps and arc lamps are especially rich in practical 
information regarding their economical and artistic use. The 
following chapter (VII) on shades and reflectors contains a mass 
of data on this neglected topic which would require a long research 
to duplicate. Then the lighting of the house, of large buildings 
and of streets is treated in successive chapters, and concrete cases 
illustrative of the principles laid down are worked out in detail. 
A separate short chapter is devoted to the basic principles of decor- 
ative illumination for special purposes, and then the line of 
progress in the effective and economical use of the materials at 
hand is marked plainly out. The volume closes with a clear 
exposition of the methods and apparatus employed in modern 
photometry. The book is not burdened with technical details of 
construction, but treats of the intelligent and artistic use of 
illuminants as we have them, thereby filling a gap which has long 
existed. There are many manuals of gas and electric fittings, and 
of the technology of production and distribution, but we know of 
no other book that tells how to use illuminants effectively after 
one has them, and learn to make the most and best of them. It 
ought to be in the hands of everyone who installs or uses artificial 
light. 


COMPOUND ENGINES, by F. R. Low. Size 53xg inches, linen 
cover; 52 pages and 37 illustrations. Published by The Power 
Publishing Company, World Building, New York, 1900. 
Price 50 cents. 

A series of lectures originall¢ published in Power, and delivered 
by F. R. Low, its well-known editor, and of which the present is 
Lecture X, has been collated into book form in the present little 
work which, as its title indicates, is restricted to a discussion of 
the physical conditions attending the operation of the compound 
steam engine. It first takes up questions of expansion and con- 
densation, whence it proceeds through considerations effecting 
the various functions of compound engine operation, all of which 
are described and explained by means of diagrams of striking 
lucidity. Though a strictly technical book, it deals only with 
simple mathematics, and each page is readily comprehensible to 
every engineer who knows the difference between a simple and a 
compound engine. It is a rattling good handbook—every bit as 
good as might be expected from the pen of such a skilled and 
painstaking writer as is its author. 


‘““TAHITI THE GOLDEN,’ by Charles Keeler. Octavo, twenty 
pages, ten photogravures. Published by the Oceanic Steam- 
ship Company, San Francisco, and sold at all book stores. 
Price, 20 cents. 

This exquisite little brochure, with its colored cover, its tinted 
photo-pictures, its Jenson print and its uncut edges, tells in a 
dreamy way of a dreamy land where undoubtedly one can find 
surcease from the pressure of this strenuous world of ours. If one 
cares for travel or finds pleasure in knowing of the customs of the 
people of other climes, he will reap enjoyment in reading this 
descriptive sketch, which is from a master pen; if not, he will 
admire its engravings, and then probably characterize the booklet 
as a cure for insomnia. But so the world goes, for judgment of 
merit in these things depends upon the point of view. 





AN INDUSTRIAL NUMBER OF “CAMERA CRAFT.” 

Camera Craft for April is an industrial number and contains a 
complete illustrated description of all the new cameras and appli- 
ances to be introduced during the coming season, a series of 
portraits of the prominent manufacturers, a history of color pho- 
tography, a most valuable article on the use of orthochromatic 
plates and page after page of interesting information in addition 
to the usual departments. Despite the fact that the issue has been 
doubled in size the price has not been increased. 
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BION JOSEPH ARNOLD. The career of an eminent engineer, who 
is just now occupying a conspicuous position because of his selec- 
tion by a big corporation to take charge of an important undertak- 
ing of a semi-public character, presents an interesting subject for 
a biographical sketch, and, at the same time, affords an oppor- 
tunity for reflection pon the elements that are essential in gain- 
ing prominence in this profession 
and recognition as an authority on 
engineering subjects. Natural 
ability of a high order is, of course, 
absolutely necessary, and this must 
be supplemented by habits of in- 
dustry and perseverance, for no 
matter how great the original 
qualification may be, it will not 
avail unless it is carefully trained, 
properly directed, judiciously 
governed, and fortified by practical 
experience, which alone can give it 
the conservatism and confidence of 
mature judgment. 

Bion Joseph Arnold, of Chicago, 
the subject of this sketch, possesses 
these characteristics in a marked 
degree. He is one of the foremost 
advocates of modern ideas and 
methods that have come to be 
recognized as improvements of the highest order. International 
reputation was gained by him as designer and builder of the Intra- 
mural Railway power plant at the World’s Fair at Chicago in 
1893, which embodied many new ideas and may be said to have 
formed the basis for subsequent practice in this direction. The 
adoption of direct-connected units for this power station was an 
important step, and it did much to popularize this innovation, as 
it brought it prominently before the engineering profession in 
greater numbers than could be reached through any other equally 
effective agency. 

Realizing that independent direct-connected sets would be at a 
disadvantage under many conditions, Mr. Arnold evolved the idea 
of combining several direct-connected machines in such relation- 
ship to one another that, by putting a coupling between each 
engine and generator and providing an auxiliary shaft, every gen- 
erator would be available from more than one engine, though 
normally direct-connected to its own engine.* The practicability 
of the system has been demonstrated in many of the largest plants 
that have been installed during the last few years. 

This improvement led to others, one of which was of consider- 
able magnitude, and it opened up a new field. In practice it is 
often desirable to throw a dynamo out of use, and, at the same 
time, to substitute another in its place without stopping the driv- 
ing engine so that there will be no interruption in the service. 
As this was a very important point in the system advocated by 
Mr. Arnold, and the ordinary friction clutch was not deemed 
sufficiently reliable, he invented a magnetic clutch which has 
been made in several sizes, ranging from fifty to 3000 horsepower 
in capacity, for the stations in which his system is in use, and for 
many other applications as well. 

Mr. Arnold proved a powerful friend of the storage battery in 
the days when to speak a word in its favor was equivalent to risk- 
ing one’s professional reputation. Men of less positive character 
did not openly espouse its cause and thus jeopardize their in- 
fluence even when they did not strongly oppose it, but Mr. Arnold 
recommended it wherever he deemed it available, encouraged its 
development, and proved his faith in it by investing his entire 
means in its manufacture, and he has since not only enjoyed 
financial success in this field, but has had the satisfaction of see- 
He advised the adoption of the 
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ing his views generally adopted. 
*The “Arnold System” is described in detail in THE JOURNAL, Volume VII, 
page 42; March, 1899. 
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substation rotary converter-storage battery system for the Chicago 
and Milwaukee Electric Railway, and, in ordet to demonstrate 
the merits of the system and overcome the objections raised 
against it, he took the contract for building and equipping the en- 
tire road on the lines he had laid down as the consulting engineer, 
guaranteeing the efficiency and operation of the completed system. 
The equipment effected, as he had held, a great economy in first 
cost and operating expense over any then in vogue, and the 
successful operation of this road was followed by a general adop- 
tion of the system. 

As consulting engineer for the Chicago Board of Trade he de- 
signed a system and built a plant in which all the power used in 
the building was generated in one set of steam cyclinders and 
transmitted electrically to the several elevators and other power- 
consuming maghines, using electric elevators, storage batteries, 
and electric motors in place of numerous small steam-engines, 
line shafts and rope drives. The work was carried on in spite of 
bitter opposition, and resulted in greatly reducing the operating 
expenses. This at once assured for it respectful consideration, 
and it is now recognized as standard practice in office build- 
ings. 

Mr. Arnold is in demand as a special lecturer on engineering 
subjects. He has,in this capacity addressed the engineering 
students of the University of Illinois, the University of Michigan, 
and Purdue University, and, in 1897, he delivered at the Uni- 
versity of Nebraska a course of ten lectures on ‘“The Design and 
Construction of Electric Power Plants.’’ The faculty of the insti- 
- tution recognized his work by conferring the honorary degree of 
E. E. upon him. A gold medal was awarded him by the Trans- 
Mississippi Exposition at Omaha in 1898 for a personal exhibit. 
He showed some of the crude models and devices which he had 
built at Ashland many years ago, alongside of the drawings of his 
later engineering triumphs. 

Mr. Arnold has been a careful student and an earnest investi- 
gator of electrical phenomena, and he has placed the results of his 
experiments at the command of his fellow workers. Technical 
electrical literature has been enriched by his contributions in the 
form of papers and discussions before the principal engineering 
societies of which he isa member. He wasa representative of 
the American Institute of Electrical Engineers, the foremost body 
in this profession, at the International Electrical Congress at the 
Paris Exposition of 1900, and took advantage of the opportunity 
afforded by this trip to visit the principal electrical works and 
electrical installations in Great Britain and on the continent of 
Europe, spending the entire summer in careful study of European 
practice. 

Mr. Arnold’s early career is typical of America, and shows the 
possibilities at the command of young men of ability, persever- 
ance, and strength of character. Early associations, training, and 
family influence all tended toward preparing him for a career en- 
tirely different from that which he selected, and he may be said 
to have been the architect, as well as the builder, of his fortune. 

His father, who was a lawyer and a member of the territorial 
Legislature of Nebraska which framed its constitution just prior 
to its admission into the Union, very naturally wished his son to 
adopt the legal profession, but the boy’s natural desire for mechan- 
ical work constantly directed his mind and eventually deter- 
mined his course. This is especially remarkable in view of the 
fact that there was nothing about his early surroundings to in- 
spire mechanical genius. There was not a mile of railroad in 
Nebraska at the time, and neither machine shops nor manufactur- 
ing establishments were in the vicinity to awaken the lad’s in- 
terest in work of this kind. Yet he showed the instinct of a 
mechanic even in early boyhood by making many crude models 
of farm implements. At twelve years of age he built a steam 
engine, at fourteen a bicycle, and at eighteen a small locomotive 
which was a complete operating engine in every respect. At the 
age of nineteen he left his home to seek instruction in the East, 
where he could be in contact with engineering work and the men 
engaged in it, but without a friend or even an acquaintance in his 
chosen field. 
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Unlike most precocious youths, Mr. Arnold’s early efforts did 
not exhaust his capacity, but, contrary to the general rule, were 
really indicative of the possibilities awaiting development with 
maturity. Passing over an educational period of six years, we find 
him at twenty-five chief designer of a large iron works; at twenty- 
seven, mechanical engineer for a steam railroad, and at thirty, 
consulting engineer for a large electrical manufacturing company; 
at thirty-one, designer of the Intramural Railway power plant at 
the Chicago World’s Fair; at thirty-two, an independent engineer; 
at thirty-three, developing and successfully exploiting a commer- 
cial storage battery; at thirty-four, introducing the magnetic clutch; 
at thirty-six, successfully demonstrating the practicability of long 
distance electric railroading by equipping the Chicago and Mil- 
waukee Electric Railway; at thirty-nine, engaged in equipping 
sixty miles of railroad under a new system of his own invention, 
and at the present time consulting electrical engineer for several 
steam railway companies, among them the Chicago, Burlington 
and Quincy upon the equipment of one of its mountain lines, and 
at the same time, in a like capacity, engaged in devising a feasible 
plan for electrically operating the trains of the New York Central 
Railroad in and out of New York—a problem of great difficulty 
and far-reaching importance. 

Brief reference to the preparatory course pursued by Mr. Arnold, 
which fitted him for this work, will be interesting at this point. 
His family had moved, in 1864, from Grand Rapids, Mich., where 
he was born in 1861, to Ashland, Neb., and he received his early 
education in the public schools of the latter town, commencing 
his course in engineering at the University of Nebraska in 1879. 
After remaining there one year he entered the scientific course at 
Hillsdale College, Mich., from which institution he received the 
degree of B. S. in 1884, taking a mathematical prize for a six years’ 
course, and three years later the degree of M. S. In 1889 the same 
institution conferred upon him the honorary degree of M. Ph. for 
engineering work done subsequent to his graduation. It was at 
this time, in April, 1898, that Mr. Arnold finished a post-graduate 
course in electrical engineering at Cornell University, and, in June, 
1897, the degree of E. E. was conferred upon him by the Univer- 
sity of Nebraska. On graduating, in 1884, in order to acquire a 
business experience, he acted as general agent for an engine com- 
pany for two years, and then engaged with the Edward 
P. Allis Company, of Milwaukee, as a draughtsman, leaving that 
company to become chief designer for the Iowa Iron Works, of 
Dubuque. Subsequently he engaged with the Chicago, St. Paul 
and Kansas City Railway Company, now the Chicago Great West- 
ern, as a civil engineer, and when the road was turned over to the 
operating department Mr. Arnold acted as mechanical engineer, a 
position which he resigned in 1888 to take the post-graduate course 
at Cornell University. 

On leaving Cornell he engaged with the Thomson-Houston 
Electric Company, taking charge of the St. Louis office as engineer 
and agent. Two years later he was appointed consulting engineer 
for the Chicago office of the same company, a position which he 
continued to hold after the consolidation of the Thomson-Houston 
and Edison General Electric companies into the General Electric 
Company. He next established himself as an independent con- 
sulting electrical engineer, and, since 1893, has devoted his atten- 
tion to the design and construction of many electrical properties 
throughout the United States and Mexico, and to perfecting in- 
ventions and improvements which have given him additional 
reputation. 

His success has been such that he now maintains offices in Chic- 
ago and New York, and has become largely interested in indus- 
tries allied to his calling. He is president and techanical director 
of the Arnold Electric Power Station Company, a corporation 
operating under his patents, and which has been especially 
successful in designing and constructing large electric railway and 
power properties. He is also president of the Kenosha, Wis., 
Street Railway Company, and vice-president of the Kentucky 
Western Railway Company. 

One of Mr. Arnold’s characteristics seems to be to keep in ad- 
vance of his profession. His solution of engineering problems, 
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As he demonstrated the success of one after another, adverse 
criticism turned into well-merited praise, and more than once he 
has had the pleasure of seeing his work become commonly ac- 
cepted practice. 

An idea of the character of the'’man is furnished in the fact that 
on three distinct occasions he withdrew from profitable, and what 
were assured to him as permanent, positions at considerable finan- 
cial loss in order to take up another line of work which he consid- 
ered necessary for his ultimate success. As a result he has gained 
a broad and varied engineering experience of great value in his 
professional work. His career as a student, whose hours of relax- 
ation were devoted to the practical application of the knowledge 
gained to enable him to earn a livelihood, was followed by gratify- 
ing experience as a lecturerin the scenes of his early studies. 
Viewed in this light, the life of Mr. Arnold presents many sharp 
contrasts, but they are all relieved by the brilliant setting of ulti- 
mate success achieved at such an unusually early period, and the 
respect and esteem in which he is held by his many fellow 
workers, 

Mr. Arnold, while not a clubman, is a member of several organ- 
izations, principally of an educational character, however. He is 
a member, for example, of the American Institute of Electrical 
Engineers, and has served as manager of that body as well as one 
of its five representatives at the International Electrical Congress 
in Paris. He isa trustee of the Western Society of Engineers, 
and he was one of the charter members and first directors of the 
Technical Club, of Chicago. He is alsoa member of the Union 
League Club, of Chicago; of the American Association for the Ad- 
vancement of Science; of the American Society for the Promotion 
of Engineering Education; of the board of governors of the Chic- 
ago Automobile Club, and of the Transportation Club, of New 
York. 4 

Of late, Mr. Arnold has completed the examination of the ter- 
minal facilities of the New York Central in the city of New York 
and has worked out a system for operating all trains of the New 
York Central and New York, New Haven and Hartford Railways 
through the Park Avenue tunnel by electricity and also operating 
the suburban trains on these systems by electric power. His 
recommendations have been accepted by the company and a com- 
mission comprising Mr. Wilgus, Mr. Arnold, Mr. Sprague, Mr. 
Gibbs and Mr. Waite is now in charge of the work of making 
this transformation. Mr. Arnold read a paper at the annual meet- 
ing of the American Institute of Electrical Engineers last summer, 
in which he reviewed the problem and gave his reasons for the 
recommendations which he made. This work on his part has 
attracted a great deal of attention. At the same meeting of the 
Institute, Mr. Arnold outlined a plan upon which he had been 


working for some time of using single-phase motors for operating 
street railways. He has since perfected this system and an experi- 
mental equipment has been found to be successful in every partic- 
ular. He is now completing the installation of a commercial road 
with this system. 

The latest important work upon which he has been engaged is 
the investigation of the transportation problem in Chicago, to 
perform which he was retained by the transportation committee 
of the Chicago City Council to investigate this subject. This re- 
sulted in his making a very exhaustive report to the Council, 
which has been reviewed in detail in the several-.engineering pub- 
lications. His work on this problem is of sufficient importance to 
merit recognition, even if he had not already established an ex- 
cellent reputation as an engineer. 


WATER WHEELS OF fHE NIMSHEW PLANT. 


It is of much interest to note that the water wheels to be installed 
in the Nimshew plant of the Valley Counties Power Company, 
which is owned by the California Gas and Electric Corporation, 
are to be of the Doble type, manufactured by Abner Doble Com- 
pany, San Francisco. The first installation will consist of two 
3700 horsepower wheel units, equipped with Doble Patented Elip- 
soidal water wheel buckets. These wheels will run at 240 revolu 
tions per minute under a head of water of 1531 feet, and will be 
direct-connected to Stanley generators of a capacity of 2000 kilo- 
watts each. 
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INDUSTRIAL. 
THE G. I. LAMINATED CIRCUIT BREAKER. 


HE engineers of the General Incandescent Are Light Com- 
pany, which is one of the largest switchboard manu- 
facturers in the country, and has occasion to use a great 

number of circuit breakers on its various installations, followed a 
natural course of events by designing their own circuit breakers, 
so that they could mount them on the various switchboards they 
make. The experience of its engineers with circuit breakers has 
been quite varied, as every type of circuit breaker on the market 
had been installed by them at various times. Having all this in 
mind, it is not to be wondered at that they were in a position 
that they could, as they have done, produce one of the best circuit 
breakers which at present exists. 

There have been certain features about circuit breakers in gen- 
eral that have always been conceded to be the most desirable, 
and yet the practical embodiment of these features has not always 





been satisfactory. For example, one might recall the use of lami- 
nated contacts for carrying the current, a very small portion of 
which went around the shunt, and the purpose of which was to pre- 
vent arcing at the laminations when the circuit was open. This 
seems a simple matter to accomplish, and yet the record of lami- 
nated type circuit breakers up to recently has been more or less 
arcing at ,laminations. These engineers went at this defect 
vigorously, believing that a solution was at an end to those who 
continue untiringly to seek it, the result was that it was found the 
trouble did not lie in the laminated contacts themselves, but ex- 
isted in the method of shunting the current around them when the 
circuit was open. It was discovered, in order to do this effectively, 
that it was necessary to have a shunt of very low resistance, 
and this could not be done in any manner other than by a metallic 
shunt, supplemented by a carbon shunt, so that the circuit was 
thereby successively opened, first, by the laminations and then 
through the metallic shunt, and then finally by the carbon shunt. 
therefore, has often been carried out against much opposition. 
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The present construction of the G. I. circuit breaker has demon- 
strated the above principles to be correct by most tests on railway 
circuits by short-circuiting the breaker across the line repeatedly. 
There is under such tests, or in practical service, absolutely no 
arcing at the laminations. In some forms of circuit breaker, 
where magnetic means are used finally to interrupt the arc, it is 
practically impossible to maintain in good operative condition a 
shunt of low enough resistance to prevent destructive arcing at 
the laminations. This circuit breaker, after it operated under 
repeated short circuit a great number of times, showed no deterior- 
ation, excepting a slight pitting of the carbons due to their burn- 
ing away under the heat of the arc. 

The advantage of laminated contacts over those of the knife 
blade principle is conceded by every one, but it may not be amiss 
to call attention again to the fact that in a laminated contact 
every portion of the surface of contact is made available for carry- 
ing current, whereas in knife blade contacts the surface of contact 
is very much less than the total surface available. This defect, if 
it can be called such, in the knife blade contacts, is simply due to 
the fact that two plain surfaces cannot touch each other at all 
points, unless they are ground absolutely true to a plain surface, 
but this is impossible in the construction of knife switches, as the 
flexibility of the clips and the heating of the parts all tend to des- 
troy the perfection of contact. 

The G. I. Company has, therefore, adopted the laminted form 
of contact exclusively in all of its circuit breakers of whatever 
sizes, ranging from twenty-five amperes up to 12,000 amperes. 
The company has made circuit breakers of all sizes between 
these limits and has found the laminated form of contact to be the 
ideal method when it is protected by a shunt described above, and 
when the arc is finally drawn on carbon contacts. 

There is another feature regarding laminated contacts giving 
them a great advantage over knife blade contacts, and which 
must not be lost sight of, namely, the laminated contacts always 
exert an effort to release themselves and thereby open the circuit, 
whereas the knife blade contacts do not tend to open themselves, 
but actually tend to hold themselves shut. The accumulation of 
dust on “knife blade contacts acts very effectively in preventing 
them from being opened, except by a-very strong initial hammer 
blow or effort overcoming what might be called the ‘‘friction of 
rest.’’ The laminated form of contact on the other hand requires 
no effort of any kind, much less a hammer blow to start it to open 
the circuit. The G. I. circuit breaker has its laminations mounted 
entirely independent of the rest of the apparatus, so as not to be a 
drag on the moving parts, the laminations being supported on a 
bearing which is equipped with a spring assisting to throw the 
laminations open. The device is held closed by means of a latch, 
which is practically frictionless. When the circuit breaker oper- 
ates the latch is released with a minimum pressnre. 

The above matter of contacts is only one of the many features 
in the G. I. circuit breaker that have made it one of the standard 
pieces of apparatus on the market today, and it is not surprising 
that it is found installed in many of the largest and most import- 
tant plants throughout the country. 


A CHANGE IN “SCIENCE ABSTRACTS”. 


ote and scientists who have made the acquaintance 

of Science Abstracts and who, therefore, know it to be the 

most thorough and complete compilation of technical sum- 
maries that is published in the English language, will be interest- 
ed in learning of a change which is being made in its form. In 
beginning its fifth volume, Sctence Adstracts will be published in 
two sections, to be known respectively as Section A and Section B. 

Section A will embrace Physics, including Light and Photo- 
graphy, Heat, Sound, Electricity and Magnetism, Chemical 
Physics and Electro-Chemistry, General Physics, Meteorology and 
Terrestrial Physics, and Physical Astronomy. 

Section B will embrace Steam Plant, Gas and Oil Engines, Auto- 
mobiles, Oil Engine-Driven Ships and Launches, Baloons and Air- 
ships General Electrical Engineering, Industrial Electro-Chemis- 
try, Electric Generators, Motors and Transformers, Electrical Dis- 
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tribution, Traction and Lighting and Telegraphy and Telephony. 
Attention should also be called to the fact that the American 
Physical Society has now joined with the Institution of Electrical 
Engineers (London) and the Physical Society of London in the 
direction of the publication of Science Abstracts, and has elected 
Professor E. H. Hall, of Harvard University, as its representative 
on its publishing committee. In consequence of this arrangement, 
Section A of the magazine will henceforth be received by all mem- 
bers of the American Physical Society. The American Institute 
of Electrical Engineers is also co-operating with the publishing 
committee and is taking special means to bring Science Abstracts 
to the notice of its members, who will hereafter be able to obtain 
it at the reduced rate of $5.00 per year through the Secretary of 
the American Institute. To the general public, the annual sub- 
scription rate is $4.50 for each section separately, including the 
index, and $7.50 for the two sections. The work is under the 
able editorship of Mr. G. W. de Tunzelmann, B. Sc., M. I. E. E. 


HALF A MILLION HORSEPOWER. 


RECENT computation has placed the total aggregate 

power of steam turbines in use or under construction or 

ordered in different parts of the world at over 500,000 
horsepower. Of this total the major portion is used or to be used 
for the driving of dynamos, alternators, or other electrical mach- 
inery, while the next in point of power consumption is marine en- 
gines. An item in point is the contract recently given to the British 
Westinghouse Electric and Manufacturing Company (Ltd.), by 
the Metropolitan District Railway Company, of London, England, 
for four turbo-alternators, each of which is designed for a normal 
capacity of 5500 kilowatts, but will be capable of carrying an over- 
load of 50 per cent., giving for each unit a maximum output of 8250 
kilowatts, or about 11,000 electrical horsepower. These turbines 
will be not only the largest steam-turbines ever made, but also 
the most powerful single cylinder engines of any type whatever in 
the world. Very few multiple cylinder engines existent have 
greater power. 

Notwithstanding the truly enormous power they will develop, 
the dimensions of these engines are only twenty-nine feet in 
length, by fourteen feet wide, by twelve feet high, the overall 
length of turbine and alternator being fifty-one feet nine inches. 
The steam pressure will be 165 pounds per square inch, and the 
speed 1000 revolutions per minute. 


ANOTHER JOHN SCOTT MEDAL AWARDED. 


HE Otis Elevator Company has been awarded the John 
Scott Legacy Medal and Premium by the Franklin Insti- 
tute for its electric elevator for private residences, the 

distinguishing feature of which is that it dispenses with the ser- 
vices of an attendant and is operated by merely pushing buttons 
at the various landings and in the car. The Franklin Institute 
committee on science and the arts, which recommended the award, 
made a thorough inspection of several existing installations and its 
report is highly commendatory of the ingenuity of design, the 
safety of operation and the substantialness of construction of this - 
elevator. 


THE SPANISH WAKE UP. 

The late Spanish-American war seems to have impressed upon 
the engineers of the Spanish Government the need of accepting 
the most modern methods in the manufacture of munitions of war. 
They are installing Westinghouse motors in their gun shops at 
Trubia, and the Spanish arsenal at Ferrol is also shortly to be 
equipped with a number of motors and other electrical machinery. 


Some indication of the growth which has recently occurred in 
the use of storage batteries as auxiliaries to street railway power 
plants, is conveyed in the statement that between October 1, 1901, 
and October 1, 1902, the total capacity of ‘‘Chloride Accumulators”’ 
installed in the class of work named increased from 98,000 to 130,- 
000 kilowatt-hours, and that now the installlation of these bat- 
teries aggregates close to 150,000 kilowatt-hours. 











